Introduction {#s0010}
============

All facets of life include some degree of risk, and the source of that risk is a wide range of hazards that we are still struggling to understand. As a global society, we must contend with an array of hazards that may seem both limitless and daunting. Owing to the 24-hour news cycle and an increasingly globalized economy, we bear witness to a daily barrage of disasters. And while the vast majority of these events inflict no direct physical impact on our person, they tug at our conscience and challenge the notion that disaster risk reduction is possible. As individuals, however, the hazards we face are considerably limited on account of genetics, geographic location, spatial movements, personal habits, activities, finances, education, and a measure of pure chance.

For individual nations, these hazard profiles are likewise limited to a degree. A country's physical location dictates what geologic, hydrologic, and meteorological forces are possible. Economic, industrial, and sociopolitical factors influence vulnerability and provide sources of technological and intentional hazard.

To prepare for every possible contingency is simply not an option. The capacity to manage risk successfully---whether for an individual, a community, or a country---is built on a sound understanding of the hazards that threaten. Consider the words of Chinese General Sun Tsu, who wrote, "Know your enemy and know yourself, find naught in fear for 100 battles."

This chapter begins with a short description of the disaster management processes of hazard identification and hazard analysis, sometimes referred to as *hazard profiling*, followed by a listing and descriptions of many of the hazards that possess catastrophic potential---in other words, those hazards that are capable of causing a disaster. The analysis and management of risk arising from these hazards is the focus of chapter 3.

Hazard Identification and Hazard Profiling {#s0015}
==========================================

The first steps that must be taken in any effective disaster management effort are the identification and profiling of hazards. It is only logical that someone treating the community's or country's risk have knowledge of what hazards exist and where.

The actual number of hazards that exist worldwide is staggering, and the list is by no means limited to what is found in this or any other text. Thankfully, disaster managers need worry only about those that have a non-negligible likelihood of occurrence and that are damaging or devastating should they occur. Understandably, it is impossible to plan for or prevent every possible contingency, so most government and other organized emergency management entities focus their efforts only on those hazards that would result in the greatest undesirable consequences.

Disaster managers must try to imagine each scenario that could manifest within a given community or country as a result of the geologic, meteorological, hydrologic, biological, economic, technological, political, and social factors that exist. This hazard assessment, as it is often called, must include not only the actual physical hazards that exist but also the expected secondary hazards, including social reactions and conditions.

To begin the processes of risk analysis and risk assessment, which is covered in chapter 3, community leaders must identify all of the hazards that the community has experienced in the past and could possibly experience in the future. These likely threats form the core of the hazard profile, but the process does not stop there. There are often hazards that have had little or no likelihood of occurrence in the past, but which suddenly become more likely because of changes in factors such as land use, climate, settlement patterns, and others. And yet other hazards have extremely low likelihoods of occurrence but must still be considered because of the devastating nature of their consequences.

Ultimately, the disaster manager establishes through the hazard identification process an exhaustive list of hazards on which further analysis is performed. It is not the concern of those identifying the hazards to consider exactly how great or small a hazard's likelihood or consequence value may be; they seek only to discover the existence of the hazards. Ideally, all hazards with likelihood greater than zero are identified so that their associated risks may be reduced later in the risk management process, and only after hazard risks are measured and rated.

A hazard, as defined in chapter 1, is a source of potential harm to a community, including the community's population, environment, private and public property, infrastructure, and businesses. For ease of description, hazards can be categorized into several subgroups: *natural hazards, technological hazards,* and *intentional hazards*. These categories represent but one of many ways in which hazards can be subdivided. Other classification systems may involve more or fewer categories or apply different terminology. What is important, however, is that the categorization system chosen accommodates the full range of hazards such that no valid threats go unheeded.

When hazards result in emergencies or disasters, secondary hazards often manifest. These secondary hazards may not be of the same hazard category as the instigating hazard. For instance, a landslide that terminates in a river may lead to a flood. The Great East Japan Earthquake, which occurred in 2011, caused secondary and tertiary hazards that together proved devastating. The initial earthquake caused a massive tsunami, which in turn flooded a coastal power plant, and thus resulted in a nuclear disaster. Hazard sequencing, described in the following sections, helps to determine these secondary, tertiary, or subsequent threats.

Some hazards cannot be easily assigned to any one category, and this often leads to confusion in the hazard identification process. For instance, a tsunami is a water-based or hydrologic hazard, yet it is always the result of some other precipitating seismic or mass-movement hazard such as an earthquake, a volcano, or a landslide. Hazard risk managers can simplify the process by applying logical conventions to the identification process, such as identifying and categorizing hazards according to their generating forces. Such a convention is applied in this chapter.

For most countries, natural hazards are disaster managers' primary concern. The specific natural hazards faced are dictated by the country's climate, geography, geology, settlement patterns, and land use practices. Natural hazards fall under the following subcategories: tectonic (seismic) hazards, mass movement hazards, hydrologic hazards, meteorological hazards, and biological/health-related hazards.

Technological, or man-made, hazards are inevitable products of technological innovation. These hazards, which can occur after the failure of existing technology, tend to be much less understood than their natural counterparts and are increasing in number as the scope of and dependence on technology expands. The most common technological hazards arise from various components of transportation, infrastructure, industry, and buildings/structures.

The third category is intentional hazards, which include those hazards that result from the conscious decisions of people to act in an antisocial or anti-establishment manner. Like technological hazards, many of these hazards are new and emerging, as with modern biological, chemical, and radiological weapons. Others, such as war, have existed for almost as long as humans.

Hazard identification must be exhaustive to be effective. The product of this process serves as the basis of all targeted disaster management policies and projects that follow. The breadth of knowledge and experience of the team assembled to complete such a process is ultimately the determining factor guiding how complete and accurate the generated hazard list is. Also, because of risk perception, which defines how different people perceive hazard *significance,* a wide range of viewpoints is highly beneficial.

There are several methods by which hazard identification occurs. Ideally, a number of these methods are used in conjunction, either simultaneously or following a sequential, step-by-step approach. Hazard identification initiates hazard profiling, which is the process of describing a hazard in its local context. This might include a general description of the hazard, its local historical background, local vulnerability, possible consequences, and estimated likelihood.

Checklists, which are simply comprehensive lists of hazards, consequences, or vulnerabilities, provide reference information to those performing risk analyses. It is often recommended that the use of checklists be limited until the process has reached an advanced stage. Studies have found that checklist use hinders the creative process, limits the ability to utilize deductive and inductive reasoning, and can cause other errors in judgment. If they must be used to start the hazard identification process, it is best when their importance is downplayed. The experience and knowledge of the assembled team and the discovery of historical records provides the greatest value, as these resources generally produce the most accurate depiction of the community's hazards ([@bib84]). Checklists introduced later in the identification process, however, do help to ensure that nothing is left out of consideration or remains overlooked.

Hazard identification methods may be descriptive or predictive. Whichever method is chosen, it is important that a cost- and time-effective overall methodology is established that caters specifically to the needs and capabilities of the individual, agency, or organization performing the hazard risk assessment. The chosen methodology should incorporate several of the actions listed below, either in part or in full. Because the hazard identification process is iterative and thus could be performed indefinitely, the disaster management team must establish an acceptable endpoint or goal.

Hazard identification actions include:

*Brainstorming.* This creative process, in which disaster managers use their own knowledge and experience to develop a list of possible hazards, is one of the most effective methods of hazard identification. There are several ways in which the process can be conducted, including workshops, structured interviews, and questionnaires. Whatever methods are used, the quality of the end product will correlate directly with the background, diversity, and experience of the individuals involved in the exercise.

*Historical research.* Detailed information about past emergencies and disasters exists in media archives, town/city government records, reports, and in the collective memory of citizens. This information may be found on the Internet, in libraries and local historical societies, in conversations with residents, and in community historical records. (See [exhibit 2.1](#b0025){ref-type="boxed-text"} .) For more recent events, official situation and incident reports likely exist and offer detailed information about dates, magnitudes, damages, and further evidence of past disasters in the community or state. Exhibit 2.1The Disaster Risk Reduction Role of Community Records in JapanIn the aftermath of the 2011 Great East Japan Earthquake, emergency managers have focused on the preservation of historical records, given their value to long-term disaster risk reduction. There are two types of historical records targeted for preservation: (1) *community historical records*, which provide a history of the community, many of which date back four hundred years; and (2) *disaster materials*, which convey historical information of a community's experience with disasters and describe how the community adapted to them over time. This second set of records is also called "earthquake records" and is considered critical for use by future generations in dealing with seismic hazards.In Japan, both of these record types are typically collected and stored by families in their homes or in special storehouses designed for that purpose. While families play an important role in preserving such records in Japan, similar records exist in most countries, and their method of storage is secondary to their importance in achieving cultural identity and community sustainability.Historical community records inform the development process by providing valuable information about disaster preparedness needs, disaster mitigation and reconstruction methods, likely disaster impacts, and actions that the community took to address disaster damages in the past. They also help to guide the recovery process by authenticating historical and legal property and real-estate actions. These benefits together provide a roadmap for communities as they prepare for, mitigate against, and recover from the impacts of disasters in ways that honor their community's history and traditions and create community disaster resilience.The importance of preserving historical community records is universal, and most, though not all, major hazards worldwide threaten the information they hold if redundant methods of protection are not applied. Efforts to preserve records intensified after many were lost in the Great Hanshin-Awaji earthquake. These efforts, which continue, have involved a wide range of supportive stakeholders, including volunteers, libraries, and local governments. Formal preservation plans sought to address a wide variety of records and objects, including books, photos, newspapers, research notes, electronic records, video, field surveys, and many others. Beginning in 2003, pre-disaster collection efforts were intensified. Materials collection experts were hired to guide the effort, and surveys were conducted to determine what materials should be collected and where they might be stored. Many documents were duplicated either physically or in electronic format, and were stored in professionally maintained storehouses and other off-site locations outside of high-risk zones.In the post-disaster aftermath of the GEJE, volunteers and community officials worked to identify and collect community records, and researchers and archivists were recruited to dry out those records that had been impacted by the floodwaters. The effort has been highly labor-intensive, and it is assured that many important documents that were not previously protected or duplicated have been permanently lost. The Japanese experience illustrates how historical community records form the foundation for building disaster resilience for future generations, and efforts to preserve these records for posterity before and after a disaster strikes honors the past and will serve to guide the future of any community in any country around the world.Based on: [@bib32].

*Review of existing plans and strategies.* Various types of plans and strategies exist within the government (local, national, and regional) that may contain information on hazards. National or local transportation, environmental, dam, and public works reports and plans are often useful. Others sources include local police, fire, and emergency management action plans; land use plans; capital improvement plans; building codes; land development regulations; and flood ordinances. Many countries have disaster risk reduction and climate change adaptation plans and strategies that can provide significant insight.

*Investigation of hazard identification efforts in surrounding or similar areas.* Hazards and the disasters they cause respect no borders. Especially in the case of countries that are small or share regional climatic, geologic, or hydrologic characteristics, hazard profiles are likely to be shared. Investigations of neighboring communities or countries also may turn up natural or technological hazards not present in one's own jurisdiction, but that could result in a wider regional disaster (as occurred in the Chernobyl disaster, where radioactive fallout was carried by wind and weather to many adjacent countries).

*Use of maps.* National, regional, and global hazard maps depicting the hazards' histories and ranges have been developed by a number of international and non-governmental organizations, to name a few. The Centre for Research on the Epidemiology of Disasters (CRED) has developed such maps at the global level, as has the United Nations. Disaster managers can overlay known settlement, topographic, hydrologic, and other environmental and technological characteristics onto hazard maps to help identify factors that might result in disaster.

*Interviews.* Interviews with local citizens, risk managers, community leaders, academics, nonprofit relief agencies, international organizations, and other municipal and private sector staff (many of which are described in later chapters) that regularly perform disaster management tasks can produce a wealth of information. Floodplain managers; public works departments; and engineering, planning, zoning, and transportation departments commonly maintain hazard and disaster records. Fire departments, police departments, and emergency management offices are also prepared to provide insight and information.

*Site visits to public or private facilities.* Public or private facilities that serve as a known source of risk for the community are likely to provide information not only on the hazards they create but also about external factors identified by their own risk management departments as a source of risk for the facility.

Identification of secondary hazards can also be performed using simple brainstorming. However, hazard sequencing through the use of event trees and fault trees can provide a higher degree of effectiveness.

Event trees explore multiple outcomes that might result from a particular instigating event. There are two primary methods of creating event trees. The first method, shown in [figure 2.1](#f0010){ref-type="fig"} , begins by looking at the consequences of a single hazard, and then explores the subsequent outcomes of those effects, and so on. The process is repeated until the disaster managers feel all possible secondary effects have been listed. Note that [figure 2.1](#f0010){ref-type="fig"} represents only a partially analyzed event tree.Figure 2.1Event treeAdapted from [@bib79].

The second event tree format differs from the first in that it examines all of the events that may occur over the course of a hazard scenario. This scenario-based method begins with a timeline depicting the disaster scenario from start to finish, and then considers the various "initiating events" that may occur during the course of the disaster by tracing each event to its possible end state. [Figure 2.2](#f0015){ref-type="fig"} depicts the analysis of one of many possible initiating events. Figure 2.2Event tree 2Adapted from [@bib54].

Fault trees differ from event trees in that they focus on the end state, or consequence, and trace back to the possible initiating events (hazards) that could have triggered the consequence. The first of two methods, shown in [figure 2.3](#f0020){ref-type="fig"} , begins by focusing on the possible causes of a single identified consequence, and then focuses on the subsequent causes of those causes, and so on. The process is repeated until all possible causes of the consequence have been listed.Figure 2.3Fault treeAdapted from [@bib88].

The second method, depicted in [figure 2.4](#f0025){ref-type="fig"} , is similar, except that all of the causes or initiating events of a consequence are mapped according to a timeline-based scenario. This method first identifies a terminating consequence, and then examines the timeline-based scenario for any possible triggering events that could lead to that end state.Figure 2.4Fault tree 2Adapted from [@bib54].

Hazard Analysis {#s0020}
===============

The hazard identification process allows disaster managers to know what hazards threaten their community or country, but tells them little more. Once hazards are identified, further description is required for the analysis of risk that follows. This descriptive process, called *hazard analysis* or *hazard profiling*, enables more informed calculations of risk upon which disaster management actions may ultimately be taken.

Disaster managers analyze hazards by considering them within the unique community or country context. Each hazard presents differently in this respect because of climate, geography, settlement patterns, and regional and local political stability, among many other factors. Disaster managers commonly create what are called risk statements, which succinctly summarize all of the necessary information for each identified hazard in a manner that communicates cause and effect wherein the hazard affects an element at risk ([@bib36]). Risk statements tell the disaster manager how each hazard impacts their jurisdiction, thus enabling more accurate treatment of risk. Most hazards identified have unique characteristics that may not be fully understood, even by those who have identified them. Even technical experts may have little or no initial knowledge of how these hazards affect the community or country. To gain such an understanding, more specific data and information pertaining to each hazard, information about the community and environmental, and factors relative to vulnerability, are all required.

Risk profiles, which are more detailed reports that provide a wide range of tailored information about how the hazard impacts the area of study, offer more than risk statements. There are several methods of generating risk profiles, the main elements of which are described in the following list. If properly developed, these profiles equip disaster managers with a powerful tool with which they can adequately assess risk and determine appropriate mitigation and preparedness priorities. However, if done incorrectly, risk profiles can cause unnecessary confusion and be counterproductive to the disaster management process as a whole.

Risk profiles are typically built onto a base map, which is either obtained or created. This map is essentially a geographic representation of the area of study, containing important geographical, political, population, and other information upon which hazard information is subsequently overlaid. The base map should address each of the following (adapted from [@bib42]):•*Geography.* This includes topography, mountains, bodies of moving and standing water, canyons, coastal zones, tectonic faults, and other features.•*Property.* This includes land use, construction type, essential facilities, and hazardous materials facilities, among others.•*Infrastructure.* This includes roads, rail lines, airports, utilities, pipelines, bridges, communications, hospitals, schools, and mass transit systems, among others.•*Demographics.* This includes population size, density, income levels, and special population designations (such as elderly, children, prisons), among others.•*Response capacity.* This includes the locations, facilities, services, and assets of fire, police, emergency management, military, public health, and other response systems.

Each hazard that threatens the area of study will affect it in a unique way. For instance, while heavy rain may be expected to fall uniformly across the whole area, landslides and mudflows will only be a problem where there are steep, unstable slopes. The base map is the best way for disaster managers to analyze the spatial extent of hazards and thus plan for the possibility of interaction between hazards and people, structures, infrastructure, the environment, and so on. To truly compare and analyze risks, it is important that risks are represented individually on a base map as well as together on a single aggregate risk map. If a standardized map conforming to a common scale of size is used in the generation of each profiled hazard, the process of combining these tools will be greatly simplified. Once hazard maps are generated, disaster managers may move on to creating risk statements.

Risk statements, like risk maps, are most effective if data are collected using a standardized format of information retrieval and reporting. A standardized display format ensures that detailed information is both easily readable and understandable to those involved in future steps of the disaster management process. The contents of the risk statements should include (but are not limited to):•*Name of the hazard.* Many different hazards have similar names, so it is important that a risk statement clearly identify the hazard being profiled. For instance, "storms" could be interpreted as windstorms, snowstorms, hurricanes, torrential rainfall, or other hazards. Providing a descriptive hazard identifier minimizes confusion.•*General description of the hazard.* The range of individuals involved in the exhaustive disaster management process will probably differ significantly with regard to their knowledge and understanding of the hazards analyzed. Additionally, individual risk perceptions, local contexts, and differences in terminology usage dictate the need for explicit descriptions capable of alleviating ambiguity.•*Frequency of occurrence of the hazard.* This includes:•*Historical incidences of the hazard.* This could be displayed in a standardized format as a spreadsheet, chart, or list. If events are regularly caused by a particular hazard, as is often the case with floods and snowstorms, only major events are typically listed with a notation that less-significant events are common.•*Predicted frequency of the hazard.* This communicates how often adverse events are likely to occur as a result of the hazard. Calculation of actual frequencies is detailed in chapter 3.•*Magnitude and potential intensity of the hazard.* Depending on the hazard, this measure may be a single figure or a range of possibilities. Estimates of magnitude and/or intensity help disaster managers determine a hazard's possible consequences and identify appropriate mitigation measures.•*Location(s) of the hazard.* The basic hazard map is highly informative for most hazards and thus sufficient to meet the needs of the risk analysis that follows. However, when there are individual areas or regions within the area of study that require special mention and, likewise, special consideration, this may be included as a separate comment or detail. This helps to ensure that those special areas are not overlooked in subsequent processes.•*Estimated spatial extent of impact of the hazard.* This information is also likely to be found on hazard maps. However, there may be special additional comments or facts for some hazards that need to be included separately from the visual representation provided by the map.•*Duration of hazard event, emergency, or disaster.* For hazards that have occurred frequently in the past, it is possible to give an accurate estimation of the hazard's duration based on previous response efforts. However, for disasters that rarely occur or have never occurred in the area of study, such as a nuclear accident or a specific type of hazardous material spill, estimations are often provided based upon the hazard description, community vulnerability, emergency response capacity, and anticipated external humanitarian response. This figure will generally be a rough estimate, measured in days rather than hours or minutes, but will be very useful in subsequent steps that analyze possible consequences.•*Seasonal pattern or other time-based patterns of the hazard.* This is simply a description of the time of year that a hazard is most likely to appear, if such a pattern exists. For instance, hurricane season in North America is from June through November, while cyclone season in the South Pacific is from November through April. Knowing seasonal patterns also allows disaster managers to analyze interactions between hazards that could occur simultaneously.•*Speed of onset of the hazard event.* Knowledge about a hazard's speed of onset helps planners in the preparedness and mitigation phases determine what actions are possible, impossible, or vital given the amount of lead-up time they are likely to have. Public disaster preparedness efforts and disaster communications systems are both influenced in this manner. Warning systems and evacuation plans must reflect the anticipated availability or lack of time within which action is possible. If responders can be readied before the disaster, the speed of response will be increased significantly. The increase in pre-disaster recognition of cyclonic storms has enabled a significant drop in the fatalities they cause, perhaps most significantly because of the days of pre-disaster action meteorological monitoring systems are now able to provide.•*Availability of warnings for the hazard.* This information is directly linked to a hazard's speed of onset, but remains independent in some ways. Each hazard has distinct characteristics that either do or do not lend themselves to prediction. Some fast-onset hazards such as volcanic eruptions can be predicted with some degree of confidence (although not always), while some hazards with slower onset times, such as biological terrorism or a pandemic virus, cannot be accurately predicted. Yet other hazards provide no advance warning, such as a chemical accident. Even if advance knowledge of a disaster is possible, the capabilities of the local warning system further determine the possibility of adequately informing the public about an impending disaster. Local warning systems are more than the physical alarms, sirens, or announcements; they are also the public's ability to receive, understand, and act upon the warnings they receive. All factors must be considered when determining warning availability. The risk statement may include both the available technology that could provide warnings of the hazards and the local system's current status of warnings for each specific hazard.

Once the obtainable information in the preceding list has been collected, it should be presented in a standardized, easy-to-read display format.

The Hazards {#s0025}
===========

Natural Hazards {#s0030}
---------------

It has been said before that no disaster is natural, because any disaster event by definition requires interaction with humans, their built environment, or both. However, the many forces that elicit these disasters are in fact natural phenomena that occur regardless of the presence of people. It is possible, and is often the case, that human actions exacerbate the effects of these natural processes, such as increased flooding after the destruction of wetlands or landslides on slopes where anchor vegetation has been removed. The following section identifies the most common of these natural processes and briefly describes each.

### Tectonic Hazards {#s0035}

Hazards that are associated with the movement of the earth's plates are called tectonic or seismic hazards. Plate tectonics is a study of the movement of these plates, combining the theories of continental drift and seafloor spreading. Research in this field has discovered that the lithosphere (the planet's outer shell) is broken up into a pattern of constantly moving oceanic and continental plates, each of which slides over the underlying asthenosphere. Where the plates interact along their margins, many important geological processes occur: mountain chains are formed and lifted, magma is released in volcanic eruptions, and earthquakes are generated.

We now know that there are seven major crustal plates, shown in [figure 2.5](#f0030){ref-type="fig"} , which are further divided into a number of smaller subplates. They are about 80 kilometers thick and in constant motion relative to one another at rates varying from 10 to 130 mm per year. Their pattern is neither symmetrical nor simple. The specific type of interaction between plates, including collision, subduction (one plate sliding under another), and separation, determines the kinds of tectonic hazards generated. The most devastating hazards most often strike at the boundaries of the great plates where direct interactions occur, but they are by no means limited to these convergent zones.Figure 2.5Plates of the earthSource: [@bib105].

*Earthquakes*, as the term suggests, are sudden movements of earth caused by an abrupt release of strains that have accumulated over time along fault lines. The rigid, constantly moving plates often become stuck together at points along their boundaries and are unable to release energy, which slowly accumulates. Eventually, the snag is released and the plates snap apart. The reverberation of energy through the plate from the point where the plates had become snagged is the earthquake. (See [figure 2.6](#f0035){ref-type="fig"} .)Figure 2.6Number of earthquakes per country from 1974 to 2003Source: International Disaster Database.

Seismic waves are generated by the jolting motion of the plates. They extend outward from the origination point, or epicenter, like ripples formed by a stone thrown into a pond. The speed of those waves depends upon the geologic makeup of the materials through which they are passing. For particularly large earthquakes, such as the event that caused the 2004 tsunami events in Asia, the entire world can vibrate for several seconds or minutes, and the global axis can shift. The March 11, 2011, earthquake in Japan was so strong that it increased the Earth's rotation and permanently shortened the length of each day by 1.8 microseconds ([@bib18]).

Fractures within the crust of the earth along which the plates have slipped with respect to each other are called faults and are divided into three subgroups as determined by movement:•*Normal faults* occur in response to pulling or tension; the overlying block moves down the dip of the fault plane.•*Thrust (reverse) faults* occur in response to squeezing or compression; the overlying block moves up the dip of the fault plane.•*Strike-slip (lateral) faults* occur in response to either type of stress; the blocks move horizontally past one another.

Most faulting along spreading zones is normal, faulting along subduction zones is thrust, and faulting along transform boundaries is strike-slip. (In spreading zones, plates move away from each other; in subduction zones, plates move toward each other, with one sliding beneath the other; and at the transform boundary, the plates slide laterally against each other in opposite directions.) A transcurrent fault is a special kind of strike-slip fault that does not originate or terminate at the boundary of a plate or at another fault.

The depths of earthquakes vary considerably and have a strong influence on how the resulting events manifest. The *focal depth* is the distance below the earth's surface at which energy from the event is released, while the energy release point is called the *focus* of the earthquake. The earthquake's *epicenter* is the point on the earth's surface directly above the focus. Focal depths from 0 to 70 kilometers (43.5 miles) are considered shallow, from 70 to 300 kilometers (43.5 to 186 miles) are considered intermediate, and anything beyond 300 kilometers is considered deep. Focal points have been recorded as deep as 700 kilometers (435 miles). The shallower an earthquake is, the more damaging its consequences will typically be.

Earthquakes can occur within the plates away from the boundaries, but this accounts for less than 10 percent of all events. The powerful New Madrid earthquakes, which occurred in the United States during 1811 and 1812, struck within the North American plate. Although earthquakes can be generated by volcanic activity (see the following section) or by man-made explosions, the most destructive events are those resulting from plate slippage.

Earthquakes are generally measured according to their magnitude and intensity. The well-known Richter scale, created in 1935 by its namesake Charles Francis Richter, is an open-ended logarithmic scale that measures the magnitude of energy released by the earthquake as detected by a seismograph. Most events measuring below three on this scale are imperceptible to humans, whereas those above six tend to cause damage. Very few earthquakes exceed nine on the Richter scale. [Table 2.1](#t0010){ref-type="table"} illustrates the average number of quakes that occur per year within each point on the Richter scale.Table 2.1Annual Occurrence of EarthquakesDescriptorMagnitudeAverage AnnuallyGreat8 and higher1[a](#tbl2_1fna){ref-type="table-fn"}Major7--7.917[b](#tbl2_1fnb){ref-type="table-fn"}Strong6--6.9134[b](#tbl2_1fnb){ref-type="table-fn"}Moderate5--5.91,319[b](#tbl2_1fnb){ref-type="table-fn"}Light4--4.913,000 (estimated)Minor3--3.9130,000 (estimated)Very minor2--2.91,300,000 (estimated)[^1][^2]Source: [@bib105].

The second scale used to measure earthquakes is the Modified Mercalli Intensity scale (MMI). This scale, which measures the effect of the earthquake on the earth's surface, is based on observations rather than scientific measurements and uses Roman numerals ranging from I to XII. The MMI is useful in determining how a single earthquake affects different geographical areas because, unlike the Richter scale, where the event has a single magnitude, different intensities can be assigned to any variant of geographic determination. Also, because the scale does not depend on instruments, it is possible to assign an MMI figure to past earthquakes based on historical descriptions of the event. [Exhibit 2.2](#b0020){ref-type="boxed-text"} describes the observations associated with each level of intensity on the MMI scale. [Exhibit 2.3](#b0025){ref-type="boxed-text"} describes the United States Geological Survey's global "Did You Feel It?" program, which uses crowd-sourced perception data to develop micro-zoned MMI intensities. Exhibit 2.2Description of the Twelve Levels of Modified Mercalli Intensity1.Not felt except by a very few under especially favorable conditions.2.Felt only by a few persons at rest, especially on upper floors of buildings.3.Felt quite noticeably by persons indoors, especially on upper floors of buildings. Many people do not recognize it as an earthquake. Standing motor cars may rock slightly. Vibrations similar to the passing of a truck. Duration estimated.4.Felt indoors by many, outdoors by few during the day. At night, some awakened. Dishes, windows, doors disturbed; walls make cracking sound. Sensation like heavy truck striking building. Standing motor cars rocked noticeably.5.Felt by nearly everyone; many awakened. Some dishes, windows broken. Unstable objects overturned. Pendulum clocks may stop.6.Felt by all, many frightened. Some heavy furniture moved; a few instances of fallen plaster. Damage slight.7.Damage negligible in buildings of good design and construction; slight to moderate in well-built ordinary structures; considerable damage in poorly built or badly designed structures; some chimneys broken.8.Damage slight in specially designed structures; considerable damage in ordinary substantial buildings with partial collapse. Damage great in poorly built structures. Fall of chimneys, factory stacks, columns, monuments, and walls. Heavy furniture overturned.9.Damage considerable in specially designed structures; well-designed frame structures thrown out of plumb. Damage great in substantial buildings, with partial collapse. Buildings shifted off foundations.10.Some well-built wooden structures destroyed; most masonry and frame structures destroyed with foundations. Rails bent.11.Few, if any (masonry) structures remain standing. Bridges destroyed. Rails bent greatly.12.Damage total. Lines of sight and level are distorted. Objects thrown into the air.Source: [@bib106].Exhibit 2.3The US Geological Survey "Did You Feel It?" ApplicationThe United States Geological Survey (USGS) utilizes a crowdsourcing system for measuring earthquake intensity that provides incredibly rapid and highly accurate assessments almost anywhere in the world. This web-based program, called "Did You Feel It?", can provide responders with information about which specific areas experienced the most shaking and therefore the most potential damage, even in areas with few or no technical instruments. This information provides an almost immediate post-earthquake response tool and helps improve the methods by which future earthquake losses are estimated.Within minutes of the earthquake, USGS reports the corresponding seismic readings on the Did You Feel It? website. Citizens who felt the earthquake log on to this site and select the event matching their location. They are presented with a survey that asks their specific location (often by postal code) followed by questions that provide a Modified Mercalli Intensity (MMI) rating. Examples of questions include, *Did the earthquake wake you up?* and *Did objects fall off shelves?* Within minutes, a map with micro-zoned intensity begins to take shape. This map, called a Community Internet Intensity Map (CIIM), shows where and how strongly an earthquake has been felt.USGS Community Internet Intensity Map near the East Coast of Honshu, JapanSurveys of earthquake intensities are vital because many different factors determine how each specific location is impacted (e.g., earthquake type, rupture direction, local geography, soil conditions, and type and age of buildings). Shake maps therefore cannot simply estimate outcomes based on the distance from an earthquake's epicenter---they appear like patchworks of high and low intensities felt. Such maps traditionally required months to complete, using in-person questionnaires, phone surveys, and mailed surveys. Using crowdsourcing, CIIMs begin to take shape almost instantly, but are no less accurate than the traditional methods. The CIIM summarizes responses and provides MMI intensity numbers to each postal code for which a questionnaire is completed. The intensity values gain accuracy as more and more respondents log answers into the postal code. Areas for which data have been received are color-coded according to the intensity scale, while unreported areas are shown as gray. There is no time limit to reporting, so users can contribute to earthquakes they experienced months or even years in the past.A CIIM's value comes, in part, from the fact that it communicates actual, observed descriptions of damage rather than inferences of damage such as those based on instrument readings. Data points are much more numerous than instrument readings, and thus the data points provide a denser sampling. Additionally, their use significantly reduces the human resources required to conduct rapid assessments of earthquake intensity, given that individuals self-report. They also provide users with a sense of community involvement in the response, which has been shown to have psychosocial benefits. And finally, simply by accessing the website they have initiated a mechanism of two-way information sharing between responders and victims that can be utilized in the response and recovery period to follow.The CIIMs also support disaster risk reduction. In regions with few earthquakes and, hence, few seismic instruments, which includes most of the world, large numbers of intensity observations for a small to moderate event can indicate which areas will be more prone to shaking in the less frequent, larger earthquakes.Image source: [@bib9925].\
Based on: [@bib109].

Soil liquefaction is a phenomenon that occurs when certain types of soil are disturbed by an earthquake's vibrations. When loosely packed, waterlogged sediment is exposed to a particular type and magnitude of seismic strength (differing according to the specific soil makeup), that land becomes jelly-like and loses its ability to support overlying structures. Buildings can lean, topple, or collapse quite easily if they are not properly anchored to the underlying bedrock. [Figure 2.7](#f0040){ref-type="fig"} shows the effect of liquefaction on roads during the 2011 Christchurch earthquake.Figure 2.7Effect of earthquake-induced liquefaction on roads during the 2011 Christchurch EarthquakePhoto courtesy of Martin Luff, 2011.

Many secondary hazards and the disasters they cause are known to occur in the aftermath of earthquakes. These include:*Landslides, rockslides (rockfalls), and avalanches.* Seismic activity can cause unstable slopes to give way, resulting in landslides that may be even more devastating than the actual quake. The 2001 El Salvador earthquakes, in which the vast majority of the 1,100 victims died from a series of resulting slides, is but one example. Rockslides and avalanches, both described later in this chapter, are common secondary hazards to earthquakes.*Tsunamis.* When the focus of an earthquake is along a fault under a large body of water and the movement causes a major deformation of the earth's surface, the water's resulting movement can result in a tsunami thousands of miles away. Undersea earthquakes triggered both the December 26, 2004, Indian Ocean tsunami and the March 11, 2011, tsunami in Japan. These secondary hazards resulted in two of the most devastating disasters in the twenty-first century. Tsunamis are described in greater detail later in this chapter.

Beneath the earth's crust lie superheated gases and molten rock called magma. At certain points along the planet's crust---most notably in the seismically active zones along the plate boundaries---magma can escape to the surface and become lava. These fissures, or vents, are known as *volcanoes*. There are currently over 500 active volcanoes throughout the world. (See [figure 2.8](#f0045){ref-type="fig"} .) Volcanoes are categorized in two ways. The first method describes their geologic environment and includes the following:•Subduction volcanoes occur when one plate dips beneath another. The plate can then melt into magma, creating a buildup of pressurized material that is thrust to the surface, often explosively. Subduction volcanoes tend to be the most disastrous, and often create the cone-shaped mountains characteristic of the world's most famous volcanoes. Mount St. Helens in the northwestern United States and Mount Pinatubo in the Philippines are both subduction volcanos.•Rift volcanoes occur when two plates move away from each other, allowing magma to rise to the surface through the intervening space. These volcanoes tend to be associated with low magma pressure and therefore are not often explosive. Mount Kilimanjaro in Africa is a rift volcano.•Hotspot volcanoes occur when there is a weak spot within the interior of a plate from under which magma can push through to the surface. Many of the Pacific islands, including the Hawaiian island chain (see [figure 2.9](#f0050){ref-type="fig"} ), are hotspot volcanoes ([@bib89]).Figure 2.9Volcanoes of the worldSource: [@bib104].Volcanoes are also categorized according to their shape and composition. This method includes the following:•*Calderas.* When very large and explosive volcanic eruptions occur, ejecting tens to hundreds of cubic kilometers of magma onto the earth's surface, the ground below can subside or collapse into the emptied space. The resulting depression is called a caldera. These spaces can be more than 25 kilometers in diameter and several kilometers deep.•*Cinder or scoria cones.* Cinder (or *scoria*) cones are simple volcanic structures formed by rocks and congealed lava ejected from a single vent. As the gas-charged material is blown violently into the air, it breaks into small fragments that solidify and fall as cinders around the vent, forming a circular or oval cone. Most cinder cones have a bowl-shaped crater at the summit and rarely rise more than 1,000 feet above their surroundings.•*Composite volcanoes and stratovolcanoes.* Many of the earth's great mountains are composite volcanoes, also called stratovolcanoes. These structures typically present as very large, steep-sided, symmetrical cones formed from alternating layers of lava flows, volcanic ash, cinders, blocks (rock fragments greater than 64 mm diameter that are ejected from a volcano in a solid form), and bombs (volcanic material ejected in a liquid state that cools to a solid form before falling to the ground). Composite volcanoes can rise as much as 8,000 feet above their bases, and most have a crater at the summit that contains a central vent or a clustered group of vents. The essential feature of a composite volcano is a conduit system through which magma from a reservoir deep in the earth's crust rises to the surface, exiting through the volcano's central crater and/or side walls. The volcano is built up by the accumulation of material erupted through the conduit and increases in size as lava, cinders, ash, and so forth are added to its slopes.•*Continental volcanoes.* These volcanoes are located in unstable, mountainous belts that have thick roots of granite or granite-like rock. Magma is generated near the base of the mountain root and rises slowly or intermittently along fractures in the crust.•*Island-arc volcanoes.* When one plate thrusts under another, usually below the ocean's surface, volcanic activity appears several hundred miles forward of the subduction zone in the shape of the leading edge of the underlying plate. A chain of islands is often thrust up in an arc shape from the ocean floor. Examples include the Aleutian Islands, Taiwan, and Japan. Eruptions associated with these processes tend to be highly explosive.•*Lava plateaus.* In some shield volcano eruptions (see later in the list), basaltic lava pours out slowly from long fissures instead of central vents and floods the surrounding countryside, forming broad plateaus. Iceland is an example of this kind of volcano.•*Lava domes.* These structures form when lava that is thrust from a vent is too sticky to flow very far and forms a steep mound. Chillahuita in Chile is an example of a large lava dome.•*Maars (tuff cones).* These structures are shallow, flat-floored craters that likely have formed above vents as a result of a violent expansion of magmatic gas or steam. Maars range from 200 to 6,500 feet across and from 30 to 650 feet deep, and most are filled with water, forming natural lakes.•*Oceanic volcanoes.* These structures are aligned along the crest of a broad ridge that marks an active fracture system in the oceanic crust. The Mariana Islands and the Lesser Antilles are examples of oceanic volcanoes.•*Shield volcanoes.* These structures are built almost entirely of highly fluid basaltic lava flows. Thousands of flows pour out in all directions over great distances from a central summit vent or a group of vents, building a broad, gently sloping cone with a profile much like that of a warrior's shield. The Hawaiian Islands are shield volcanoes.•*Submarine volcanoes, ridges, and vents.* These undersea structures are common features along plate boundaries on certain zones of the ocean floor. Some are active and can be seen in shallow water because of steam and rock debris blasted high above the ocean surface. Many others lie at such great depths that the water's tremendous weight results in high, confining pressure and prevents the formation and explosive release of steam and gases.•*Tuyas.* These volcanoes are formed under a glacier and are commonly found in Canada. Figure 2.8Number of volcanoes per country from 1974 to 2003Source: International Disaster Database.

Each year, approximately 50 volcanoes erupt throughout the world, with fatalities occurring in about one of every twenty eruptions. Volcanoes cause injury, death, and destruction in several ways. Eruptions can hurl hot rocks, ash, and other debris (airfall tephra) as far as 20 miles away. Airborne ash and noxious fumes can spread for hundreds of miles, contaminating water supplies, reducing visibility, instigating electrical storms, collapsing roofs, and causing health problems. Lava flows, which can be slow (*aa*---pronounced "ah-ah") or fast moving (pahoehoe---pronounced "pah-hoey-hoey"), burn everything they contact. Explosions of gas and lava have been known to flatten large swaths of forest that lay in their path. Of particular concern are pyroclastic flows (also called *nuées ardentes*), which are superheated (up to 1000°C), fast-moving clouds of gas, dust, glass, and other materials that are able to travel many miles and incinerate everything in their way. Pyroclastic flows account for over 70 percent of the deaths that have occurred in modern (1900 or later) volcanic eruptions ([@bib50]).

Many secondary hazards are associated with volcanoes, including:•*Earthquakes.* The great changes that occur within the earth that are associated with the movement of lava often affect the pressure built up between surface plates, causing minor earthquakes to occur. The explosive nature of the volcano can also cause the plates to shake. Although these events are not often associated with widespread damage, they can cause structural damage to the volcano or surrounding land, leading to rockfalls, landslides, and other hazards.•*Rockfalls and landslides.* As a volcano erupts, it often shakes and becomes unstable. Sections of the volcano may collapse inward or slough away completely. This results in the release of debris that becomes subject to the forces of gravity and moves in massive quantities, covering great distances.•*Mudflows (lahars).* Volcanic eruptions are often accompanied by the generation of large volumes of water. This water can come from a range of sources, including snow pack that accumulated on the volcano during periods of inactivity, cloudbursts resulting from the eruption, and water stored in a crater lake. The water, which mixes with ash from the eruption and soil from the mountainside, turns to a thick mud and rushes quickly down the slopes of the volcano, burying whole towns and cities as it moves. Lahars are second only to pyroclastic flows in terms of their devastating potential. (See [figure 2.10](#f0055){ref-type="fig"} .) Flash floods are also possible if the water generated does not mix with other materials before descending the slopes of the volcano.Figure 2.10Melting snow and ice from the 1982 eruption of Mount St. Helens triggered this lahar on the north flank of the volcanoSource: [@bib9926]; USGS.•*Tsunamis.* When a volcanic eruption causes major changes to the ocean floor or along ocean shores, a tsunami may be generated. The famous 1883 eruption of Krakatoa resulted in a tsunami up to 135 feet high when the volcanic structure collapsed into the ocean. More than 36,000 people living nearby were drowned.•*Poisonous gases.* Noxious gases, including carbon monoxide, hydrogen, and sulfur-related compounds, are often released in combination with a volcanic eruption, but they can also spontaneously release from a volcano that is not erupting. When these releases overcome a human or animal population, very few survive. Lake Nyos, located in a dormant volcano in Cameroon, released a cloud of carbon dioxide in 1986 that killed 1,700 people living in the valley that surrounded it.

A *tsunami* (pronounced "soo-nah-mee") is a series of waves generated by an undersea disturbance such as an earthquake. The word is Japanese in origin, represented by two characters: *tsu* (harbor) and *nami* (wave). Tsunamis are often incorrectly referred to as tidal waves. In truth, tides result from the gravitational influences of the moon, sun, and planets, a phenomenon that has absolutely nothing to do with the generation of tsunamis (although the height that a tsunami attains before striking a coastal area is influenced by the local tides at the time of impact).

There are many events that result in the generation of a tsunami, but earthquakes are the most common. Other forces that generate these waves include landslides, volcanic eruptions, explosions and, although extremely rare, the impact of extraterrestrial objects such as meteorites.

Tsunamis are generated when a large area of water is displaced, either by a shift in the seafloor during an earthquake or by the introduction of mass or pressure from other events. Waves are formed as the displaced water attempts to regain its equilibrium. It is important to note that not all earthquakes generate tsunamis; to do so, earthquakes must occur underneath or near the ocean, be large in magnitude, and create vertical (up/down) movements in the seafloor. While all oceanic regions of the world can experience tsunamis, the countries positioned throughout the Pacific Rim face a much greater frequency of large, destructive tsunamis because of the high frequency of high-magnitude earthquakes along the seismically active "Ring of Fire." (See [figure 2.11](#f0060){ref-type="fig"} .)Figure 2.11Areas affected by the December 26, 2004, Indian Ocean tsunamiSource: USGS website.

Tsunami waves can travel outward in all or in limited directions from the area of the disturbance, as determined by the type of deformation. The time between wave crests can range from as little as five minutes to as much as 90 minutes, and the wave speed in the open ocean averages a staggering 450 miles per hour. Wave heights of more than 100 feet have been recorded. Far from shore, tsunamis are virtually undetectable to most ships in their path. As the waves approach the shallow coastal waters, their speed decreases significantly and they are compressed from behind. This causes the wave to grow higher and crash onto land---often resulting in great destruction, injuries, and death ([@bib80]).

Strange phenomena can precede a tsunami, such as the ocean receding for hundreds of feet and exposing the ocean floor. This has often resulted in the deaths of curious or bewildered individuals who have ventured out to explore or gather stranded fish, only to be drowned when the water suddenly returns. Most tsunami deaths are the result of drowning. Other associated risks include flooding, contamination of drinking water, destruction of crops, interruption of business, loss of infrastructure (roads, electrical lines, etc.), deposits of organic debris, and damaged gas lines. Locally generated tsunamis tend to be the most dangerous, because they can reach a nearby shore in minutes. Even with the advent of tsunami warning systems, a few minutes is not enough time for most citizens to react to the notification received.

The most destructive tsunamis are generated from large, shallow earthquakes with an epicenter or fault line near or on the ocean floor, which can tilt, offset, or displace large areas of the ocean floor, from a few kilometers square to as much as 1,000 kilometers square or more. Less frequently, tsunami waves can be generated by displacements of water from rockfalls, icefalls, volcanoes, or sudden submarine landslides or slumps (the instability and sudden failure of submarine slopes) sometimes triggered by the ground motions of a strong earthquake. The tallest tsunami wave ever observed was caused by a rockfall in Lituya Bay, Alaska, on July 9, 1958. Triggered by an earthquake, a rockfall of approximately 40 million cubic meters at the head of the bay generated a wave that reached the incredible height of 1,720 feet (520 m) on the opposite side of the inlet.

### Mass-Movement Hazards {#s0040}

Mass-movement hazards include those events that are caused by either the rapid, gravity-induced downward movement of large quantities of materials (debris movements) or the contraction (subsidence) or expansion of the earth from non-seismic means.

*Debris movements* can be generated by a variety of mechanisms, including intense rainfall or snowfall, rapid snowmelt, gradual erosion, a loss of anchoring vegetation, earthquakes, volcanoes, and human interaction. These hazards exist in almost every country of the world and result in hundreds of deaths worldwide each year. There are three types of movements that can occur: falls that involve mostly vertical travel through the air; slides that involve tumbling of rock, soil, or other solid material down a slope; and flows that involve the downslope movement of fluid masses.

Debris movements are further characterized by the materials that form their mass. The most common include:•Landslides. These hazards can occur whenever the physical mechanisms that prevent soil or bedrock from moving down a slope are weakened or disturbed. Landslides are most often triggered by earthquakes and other seismic hazards, but can be generated by loss of vegetation (especially after fires), human modification, or excessive water saturation of the ground. They can move at very high speeds, or they may occur slowly over days, weeks, or even longer. Landslides can travel great distances and result in very large runoff zones, where the bulk of their devastating effects tends to occur. (See [figure 2.12](#f0065){ref-type="fig"} .) Response to landslide disasters can be difficult because the affected area is highly hazardous in the hours and days following the event. A series of landslides in Badakhshan Province, Afghanistan, in 2014 first buried approximately 1,500 people when more than 300 houses were destroyed in the initial slide. Then, when a second slide struck just hours later, another 600 who came to rescue those buried in the initial slide were buried. Locating and identifying remains can be difficult or impossible in larger events. In fact, in the Badakhshan Province landslide, the debris field is 40 meters (130 feet) thick, thus making excavation nearly impossible and leaving the government of Afghanistan no other choice but to declare the site a mass grave ([@bib66]).Figure 2.12Fresh landslide scars in the Ecuadorian Andes•*Rockfalls.* These hazards involve the freefall, rolling, and tumbling of very loose material. They are usually the result of seismicity but can occur without external seismic pressures, especially on slopes exceeding 40°. Other common instigators of rockfalls are construction (most notably road construction through mountainous areas), ground freeze, and patterns of animal movement.•*Debris flows.* These hazards, also referred to as mudflows or mudslides, are less common than landslides but often much more destructive. Debris flows are dependent on the introduction of great amounts of water from prolonged rainfall, flash flooding, or very rapid snowmelt. The lubrication provided by the liquid content of the debris allows for much faster descent down the affected slope and, likewise, greater overall distances traveled from the source of the flow.•*Avalanches.* Avalanches, or snowslides, are movements of debris composed of snow, ice, earth, rock, and any other material picked up as the mass progresses down the affected slopes. (See [figure 2.13](#f0070){ref-type="fig"} .) An avalanche occurs when the gravitational stress pulling downward on the snow exceeds the ability of the snow cover to resist it. Four factors are required for an avalanche to occur: (1) a steep slope, (2) deep snow cover, (3) a weak layer in the snow cover, and (4) a trigger. Common triggers are heavy alternating periods of snowfall, rain, and melting, or an external increase in pressure, such as from skiers, animals, or explosions. About 90 percent of all avalanches start on slopes of between 30 and 45° ([@bib31].). Failures on slopes of less than 20° rarely occur, and snow rarely accumulates to a critical mass on slopes of 60° or greater. It is estimated that more than one million avalanches occur each year worldwide. They typically follow the same paths from year to year, leaving scars along their courses. Trained experts thus can easily identify, with a high degree of accuracy, areas that are prone to this hazard. (See [figure 2.14](#f0075){ref-type="fig"} .) However, unusual weather conditions can produce new paths or cause avalanches to extend beyond their normal paths, and identifying these risk areas takes greater expertise and speculation. (See [figure 2.15](#f0080){ref-type="fig"} .)Figure 2.13"Global risk map for the avalanche hazard"Source: PBS. 2003. Avalanche! NOVA Teachers. <http://to.pbs.org/1tCRy5e>.Figure 2.14Avalanche warning sign, Cotopaxi volcano, EcuadorFigure 2.15Number of disasters caused by debris movement per year throughout the world between 1974 and 2003Source: International Disaster Database.

Flooding is a common secondary hazard associated with debris movements, especially when the runoff zone impedes the flow of a river or stream, forming a natural dam. A debris movement can also trigger a tsunami if its runoff zone terminates in a large body of water.

*Land subsidence* is a loss of surface elevation caused by the removal of subsurface support. Sinkholes are a form of subsidence. The affected area can range from a broad, regional lowering of the land surface to a pronounced, localized collapse. (See [figure 2.16](#f0085){ref-type="fig"} .) A prevalence of sinkhole hazards in Guatemala was highlighted in 2010 when the second major event to occur in just three years swallowed a multistory building and created what appeared to be a bottomless hole that was 60 feet in diameter and more than 330 feet deep. The Guatemala sinkhole problem is caused by the interaction of human development---such as leaking water and sewer pipes---and the pumice and limestone that lie below the city that is eroding from leakage points upward toward the surface, each hole growing in size as it progresses. (See [figure 2.17](#f0090){ref-type="fig"} .) Subsidence is almost exclusively (although not entirely) the result of human activities, including mining (predominantly coal mining), the removal of groundwater or petroleum reserves, and the drainage of organic soils. Other natural factors, such as the composition of the soil or underground aquifers, can contribute to this phenomenon.Figure 2.16A sinkhole almost 330 feet deep opened up in Guatemala City on May 31, 2010Source: [@bib9927].Figure 2.17Cover-collapse sinkholes may develop abruptly and cause catastrophic damagesSource: [@bib9928].

*Expansive soils*, as their name suggests, are soils that tend to increase in volume when they are influenced by some external factor, especially water. The most common type of expansive soil is clay, which expands or contracts as water is added or removed. Adobe is the most significantly affected clay. Expansive soils that have high overlying weight, thus limiting upward expansion, tend to "ooze" in all horizontal directions, leaving a weakened area once the soil returns to its contracted state.

Subsidence and expansion, which (generally) occur gradually over extended periods of time, do not pose the same risk to life as sudden-onset types of events. Someone viewing an area affected by subsidence or expansion would probably not detect that anything had occurred. However, when structures are built upon land affected by subsidence or expansion, the damage inflicted tends to be severe. Wells, pipes, and other underground infrastructure, as well as overlying power lines, can be damaged or destroyed. These hazards can make geological survey records obsolete, because reference points may change significantly. Urban centers are most severely affected by these processes, as are transportation routes such as train tracks, roads, and bridges. Farmers also face considerable risk from subsidence, which can alter irrigation patterns and disrupt leveled fields. Any structure or infrastructure built upon land affected by subsidence or expansion faces grave risk ([@bib45]).

### Hydrologic Hazards {#s0045}

Either excess or a severe lack of water causes hydrologic hazards. The major hydrologic hazards include flooding (including flash flooding), coastal erosion, soil erosion, salination, drought, and desertification.

*Floods*, which are by far the most common natural hazard, occur throughout the world. Annually, more people are killed by flooding than any other hazard, with an average of 20,000 deaths and 75 million people affected each year. (See [figure 2.18](#f0095){ref-type="fig"} .) Floods can be either slow or fast rising, generally developing over days or weeks. Most often they are a secondary hazard resulting from other meteorological processes, such as prolonged rainfall, localized and intense thunderstorms, or onshore winds. (See [figure 2.19](#f0100){ref-type="fig"} .) However, other generative processes, including landslides, logjams, avalanches, icepack, levee breakage, and dam failure can also generate rapid and widespread flooding. Flash floods, which occur with little or no warning, are the result of intense rainstorms within a brief period of time.Figure 2.18Flood events per year between 1974 and 2003Source: International Disaster Database.Figure 2.19Flooding in the town of Iba, Zambales, Philippines, caused by multiple tropical storms and a break in the dike along the Bucao riverSource: [@bib9929].

The five most commonly flooded geographic land areas are:•*River floodplains.* These include the low-lying, highly fertile areas that flank rivers and streams. They tend to be highly populated because of their ample irrigation and fertile soil. However, these regions are also the first to flood when river levels rise.•*Basins and valleys affected by flash flooding.* In basins and valleys where runoff from intense rainstorms collects and concentrates, flash flooding is a significant risk. More lives are lost in this kind of flooding than any other because very little warning is possible, and evacuation can be difficult because of the surrounding terrain.•*Land below water-retention structures (dams).* Dam failures, which can occur because of poor maintenance or as a secondary disaster from other natural or man-made processes, often cause flooding downstream from the dam as it releases a torrent of retained water. The United States has over 80,000 dams of varying size and ownership (public and private) as tracked in the US Army Corps of Engineers National Inventory of Dams. Many other countries have as many or more, most of which are privately built and maintained but not necessarily registered. More information about dam failures is presented in this chapter.•*Low-lying coastal and inland shorelines.* Coastal shorelines often flood as a result of a storm surge preceding hurricanes, cyclones, and other major windstorms. Storm surges are often more dangerous than the wind-related impacts of the storm. Low-lying inland shores surrounding large lakes can also be negatively affected when water levels rise significantly, though the effect is not typically as pronounced as along ocean and sea coasts.•*Alluvial fans.* This type of landscape, often the result of previous periods of hydrologic activity, can become very dangerous during flash floods when unpredictable water drainage patterns emerge. Flooding of alluvial fans is particularly troublesome in the Middle East ([@bib89]).

Flash flooding is often the result of rapid, unplanned urbanization, which can greatly reduce the land's ability to absorb rainfall. The resulting runoff has nowhere to go and accumulates as quickly as the rain can fall. Drainage systems can be built to alleviate some of the problem, but very heavy rains often exceed the capacity of even the best-designed systems of the developed countries.

Deforestation is another causative factor of floods. Soil once anchored by vegetation quickly turns to runoff sediment, which is deposited into drainage systems such as rivers and streams, decreasing their holding capacity. As sediment builds up, successive floods occur more rapidly. The water-retention capacity of soil anchored by vegetation is greater than that of deforested land, leading to greater overall amounts of runoff, which originates with deforestation.

Secondary effects of flooding include coastal erosion and soil erosion. Erosion effects increase the chance of future flooding, resulting in a vicious cycle of repeat flooding and further erosion.

A *drought* is a period of unusually dry weather that persists long enough to cause serious problems such as crop damage and water supply shortages. The severity of the drought depends on its duration, the degree of moisture deficiency, and the size of the affected area. Drought is a hazard that requires many weeks or months to emerge and may persist for months or years thereafter. This type of hazard is known as a "creeping" hazard. The causes, or triggers, of drought are not well understood, and are often part of constantly changing global climate patterns.

What defines a drought has not been established through any standardized measure. In general, any unusual shortage of available water can be considered a drought, but whether the drought leads to an emergency or disaster is determined by the affected region's coping mechanisms. A simple lack of rain does not necessarily constitute a drought, nor does the appearance of a rainstorm indicate the end of a drought. Additionally, what is considered to be an ample quantity of water resources in one geographic area may be considered drought in another area, where more water is required for individual, agricultural, and other needs. Therefore, drought is defined not by any global measure but by the capacity of the affected area to accommodate the changes brought about by the changes in available water. (See [exhibit 2.4](#b0030){ref-type="boxed-text"} for further discussion.)Exhibit 2.4The Palmer Drought IndexThe Palmer Drought Index is a formula developed by Wayne Palmer in the 1960s to measure drought, using temperature and rainfall information to determine relative dryness. It has become the semi-official drought index.The Palmer Index is more effective in determining long-term drought (months) than short-term forecasts (weeks). It uses 0 (zero) as normal. Drought is shown in terms of negative numbers; for example, --2 is moderate drought, --3 is severe drought, and --4 is extreme drought. The Palmer Index can also reflect excess rain using a corresponding level reflected by positive figures; 0 is normal, 2 is moderate rainfall, and so on.Its advantage is that it is standardized to local climate, so it can be applied to any geographic location to demonstrate relative drought or rainfall conditions. Unfortunately, it is not very useful for short-term forecasts, nor is it particularly useful in calculating supplies of water reserved in snow or other similar reservoirs.The Crop Moisture Index (CMI) is also a formula developed by Wayne Palmer. The CMI responds more rapidly than the Palmer Index and can change considerably from week to week, so it is more effective in calculating short-term abnormal dryness or wetness affecting agriculture. CMI is designed to indicate normal conditions at the beginning and end of the growing season; it uses the same levels as the Palmer Drought Index. It differs from the Palmer Index in that the CMI formula places less weight on the data from previous weeks and more weight on the most recent week.Based on: [@bib68].

Droughts are categorized into four distinct groups:•*Meteorological drought.* This is a measure of the difference between observed levels of precipitation and the normal range of values for precipitation in that same area.•*Agricultural drought.* This is a situation in which the quantity of moisture present in the soil no longer meets the needs of a particular crop.•*Hydrological drought.* This is when surface and subsurface water supplies fall well below normal levels.•*Socioeconomic (famine) drought.* This refers to the situation that occurs when physical water shortages begin to affect people. This type of drought is caused more by socioeconomic factors (such as restrictive governments, poor farming practices, a breakdown of infrastructure, or a failed economy) than by environmental factors, and as such can be the most devastating.

The lack of rainfall associated with drought can result in debilitating outcomes for both agricultural and urban centers. Crops quickly die once irrigation systems fail, and many industrial processes that depend on water resources must be curtailed or completely stopped. Hydroelectric power is reduced significantly as river flow rates are reduced, and river-based commerce and transportation can cease when water levels drop. In poor countries, drought is often, but not always, associated with the emergence of famine. This is never the case in developed countries, where mechanisms to prevent famine are well established; see [figure 2.20](#f0105){ref-type="fig"} . The Sahel drought that began in 1968 was responsible for the deaths of 100,000 to 250,000 people and 12 million cattle, the disruption of millions of lives, and the collapse of the agricultural bases of five countries.Figure 2.20Drought and famine events per year between 1974 and 2003Source: International Disaster Database.

*Desertification* is a creeping hazard that can be caused by natural processes, human or animal pressures, or as a secondary hazard associated with drought. The world's great deserts came into being long before humans and have grown and shrunk according to natural long-term climatic changes that affect rainfall and groundwater patterns. However, since the appearance of humans, desert growth has changed significantly, and has become a major concern for many of the world's governments and non-governmental organizations focused on environmental health and development. (See [exhibit 2.5](#b0035){ref-type="boxed-text"} .)Exhibit 2.5United Nations Names 2010--2020 the Decade for Deserts and the Fight Against DesertificationThe United Nations Convention to Combat Desertification (UNCCD) is an internationally recognized, legally binding instrument that addresses the problem of land degradation in dry land rural areas. The convention was established in 1994, and there are currently 195 UN members that are party to it. Through the Global Environment Facility, it funds projects aimed at combating desertification problems in Africa and elsewhere.Dry lands constitute about 41.2 percent of the earth's surface and support more than 2.1 billion people. Between 10 and 20 percent of dry lands are degraded or unproductive. Land degradation affects one-third of the planet's land surface and threatens the health and livelihoods of more than 1.5 billion people in 167 countries. In its resolution A/Res/58/211 of December 23, 2003, the United Nations General Assembly proclaimed 2006 as the International Year of Deserts and Desertification (IYDD) to raise public awareness of the issue and protect the biological diversity of deserts as well as the traditional knowledge of those communities affected by desertification. That effort helped to raise awareness of desertification as a major threat to humanity.In 2007, UNCCD released a 10-year strategy (2008--2018) that can be found here: [http://bit.ly/1iAO03s.](http://bit.ly/1iAO03s){#interref860} The period from 2010 to 2020 was subsequently named the United Nations Decade for Deserts and the Fight Against Desertification. The purpose of this effort is to:•raise awareness of the causes of and solutions to ongoing land degradation and desertification•mobilize financial and technical assistance to support special initiatives; and•monitor and report on the progress of efforts to combat desertification.Based on: [@bib98].

Poor land management is the primary cause of anthropomorphic desertification. Increased population and livestock pressure on marginal lands accelerate the process. In some affected areas, nomads trying to escape the desertified land for less arid regions exacerbate the problem by placing excessive pressures on land that cannot handle it ([@bib111]). The process of desertification is not one that is easily predictable, nor can it be mapped along expected patterns or boundaries. Areas of desert land can grow and advance in erratic spurts and can occur great distances from natural, known deserts. Often, a geographic area suffering from desertification is widely recognized only after significant damage has occurred. It is still unknown if global-change patterns associated with desertification are permanent, nor are the processes required to stop or reverse desertification well understood.

Droughts are a cause of desertification, but not all droughts automatically result in the creation of desert conditions. In fact, well-managed lands can recover from drought with little effort when rains return. Continued land abuse during droughts, however, increases land degradation.

### Meteorological Hazards {#s0050}

Meteorological hazards are related to atmospheric weather patterns or conditions. These hazards are generally caused by factors related to precipitation, temperature, wind speed, humidity, or other more complex factors. As all of the world's people are subject to the erratic nature of weather, there exists no place on earth that is truly safe from the effects of at least one meteorological hazard.

The greatest range of natural hazards fall into this general category. The following section examines the more commonly encountered of these.

*Tropical cyclones* are spinning marine storms that significantly affect coastal zones, but they may also travel far inland under certain conditions. The primary characteristics of these events are their deadly combination of high winds, heavy rainfall, and coastal storm surges. (See [figure 2.21](#f0110){ref-type="fig"} .) Figure 2.21Aerial view of Tacloban, Philippines, after Typhoon HaiyanCourtesy UK Department for International Development, 2013.

Tropical cyclones with maximum sustained surface winds of less than 39 mph are called tropical depressions. Once they have attained sustained winds of at least 39 mph, they are typically called tropical storms and assigned a name. (See [exhibit 2.6](#b0040){ref-type="boxed-text"} .) If winds reach 74 mph, they are called•*hurricanes* in the North Atlantic Ocean, the Northeast Pacific Ocean east of the dateline, and the South Pacific Ocean east of 160E.•*typhoons* in the Northwest Pacific Ocean west of the dateline.•*severe tropical cyclones* in the Southwest Pacific Ocean west of 160E or the Southeast Indian Ocean east of 90E.•*severe cyclonic storms* in the North Indian Ocean.•*tropical cyclones* in the Southwest Indian Ocean.Several environmental factors must exist for a tropical cyclone to form, including:•Warm ocean waters (at least 80°F) extending at least 150 feet deep•An atmosphere that cools quickly enough and is high enough to be potentially unstable to moist convection; the resulting thunderstorm activity allows the heat stored in the ocean waters to be transformed into a tropical cyclone•Relatively moist layers near the mid-troposphere (three miles)•A minimum distance of 300 miles from the equator (to allow for a minimum amount of Coriolis force, or the force caused by earth's rotation on its axis) to provide near-gradient wind balance•A preexisting near-surface atmospheric disturbance; tropical cyclones require development of a weakly organized storm system with sizable spin and low level inflow•Low vertical wind shear values (less than 23 mph) between the surface and the upper troposphere; vertical wind shear is the magnitude of wind change with height that can disrupt or destroy a cyclone ([@bib4]) Exhibit 2.6The Saffir-Simpson Hurricane ScaleThe Saffir-Simpson Hurricane Scale assigns ratings of 1 to 5 to cyclonic storms based on a measurement of the storm's present intensity. The scale, which was designed for hurricanes but can be used for any cyclonic storm, is used to give an estimate of the potential property damage and flooding expected along affected coastal and inland regions. Wind speed is the determinant factor in the scale, as storm surge values are highly dependent on the slope of the continental shelf in the landfall region. Similar scales based on the Saffir-Simpson Hurricane Scale have been developed specifically for the measurement of typhoons and cyclones.•*Tropical storm.* Wind speed: 39--73 mph. Minor wind and water-related damage. A storm is given a name at this point.•*Category 1.* Wind speed: 74--95 mph. No real damage to buildings. Damage to or destruction of mobile homes, especially if unanchored. Some damage to poorly constructed signs. Some coastal flooding and minor pier damage. Injuries and fatalities from flying debris are possible.•*Category 2.* Wind speed: 96--110 mph. Some damage to building roofs, doors, and windows. Considerable damage even to newer, anchored mobile homes. Glass damage in high-rise buildings from flying debris. Flooding damages piers, and small watercraft in unprotected moorings may break their moorings. Some trees blown down. Substantial risk of injury or death to people, livestock, and pets.•*Category 3.* Wind speed: 111--129 mph. Some structural damage to small residences and utility buildings. Large trees blown down. Nearly all older mobile homes and poorly built signs destroyed. Flooding near the coast destroys smaller structures; larger structures damaged by floating debris. Terrain may be flooded well inland. High risk of injury or death.•*Category 4.* Wind speed: 130--156 mph. More extensive curtain wall failures with some complete roof structure failure on small residences. Even well-built homes sustain damage to roof coverings, siding, and windows. Major erosion of beach areas. Terrain may be flooded well inland, and power outages will last weeks. Very high risk of injury or death.•*Category 5.* Wind speed: 157 mph and up. Complete roof failure on many residences and industrial buildings. Some complete building failures with small utility buildings blown over or away. Flooding causes major damage to lower floors of all structures near the shoreline. Massive evacuation of residential areas may be required. Power outages will last weeks and possibly months. Very high risk of injury or death, even if indoors.Based on: [@bib85].

Each year, approximately 80 tropical cyclones form throughout the world. Those that make landfall often have devastating consequences, leaving behind many deaths and injuries and severely damaging exposed structures. They are the deadliest of all natural hazards. Due to these storms' dependence on the oceans for energy, people who live far inland are at much lower risk from these hazards, as are people who live in especially cold climates. It is estimated that 15 to 20 percent of the world's population is threatened by cyclonic storms.

*Monsoons* are strong seasonal winds that exist throughout the world, and reverse in direction at predictable intervals each year. They are often associated with heavy rainfall when they cross over warm ocean waters before heading to cooler landmasses. As the wind blows over the warm water, the upward convection of air draws moisture from the ocean surface. When it passes over the cooler landmass, the moisture condenses and is deposited in heavy rainfalls that can last for weeks or months.

Monsoons are most marked and most intimately associated with the Indian subcontinent, where agricultural activities depend on the annual cycle of winds to bring relief from the long, dry winter months. The South Asian monsoons have two distinct seasons: a dry season that runs from September to March, blowing from the northeast, and a wet season that runs from June to September, blowing from the southwest. During the wet summer monsoon season in India, the country receives 50 to 90 percent of its annual rainfall, depending on location.

Disasters related to monsoons are associated with secondary effects from either monsoon failure or excessive monsoon rainfall. During years of monsoon failure, severe drought can ensue, leading to famine in the less-developed countries. Crops struggle or fail, and food shortages may follow without implementation of pre-established contingency plans. The economy tends to suffer during these years, as is true with all forms of drought. In years of excessive monsoon rainfall, severe flooding may result, leading to drowning, homelessness, and the destruction of infrastructure, property, and agriculture.

*Tornadoes*, or funnel clouds, are rapidly spinning columns of air (vortexes) extending downward from a cumulonimbus cloud. (See [figure 2.22](#f0115){ref-type="fig"} .) To be classified as a tornado, the vortex must be in constant contact with the ground. Thousands of funnel clouds form each year throughout the world, but most do not touch ground and therefore remain harmless. The United States is exposed to the greatest number of tornados, with approximately 1,000 occurring annually. However, based on landmass, other countries such as Italy experience proportionally greater exposure in terms of the percentage of the country affected ([@bib89]).Figure 2.22Undated photo of a tornado in the American MidwestPhoto courtesy of the National Weather Service Historic Collection.

Tornadoes form when warm, moist air meets cold, dry air, although the presence of these factors in no way guarantees that a tornado will form. The most destructive tornadoes are called mesocyclones. They form from supercells, which are rotating thunderstorms with a highly defined circulation that is easily identified by Doppler radar instruments. While the conditions necessary for their generation are well known and serve as indicators to when warnings should be issued, very little is known about exactly how tornadoes form. Tornadoes can last as little as a few seconds or persist for an hour or more. The mean duration of all tornados is less than 10 minutes.

When a tornado occurs over a body of water, it is called a *waterspout*. These phenomena occur over seas, bays, and lakes. Although waterspouts are structurally similar to tornadoes, they are not officially counted in tornado records until they cross onto land. They are smaller and weaker than most tornadoes but can still be quite dangerous---overturning small boats, damaging ships, and killing people in their path.

Tornadoes differ between the Northern and Southern hemispheres in that they generally rotate in opposite directions---clockwise in the Southern Hemisphere and counterclockwise in the Northern (cyclonic). However, there are many known exceptions to this rule; they are called *anticyclonic tornadoes*. Tornadoes can also occur as a single funnel or as a series of many funnels.

Tornadoes average about 300 feet in diameter and cause a path of destruction about that wide as they travel. Disasters resulting from tornadoes are caused by the damaging winds they generate. Most of the deaths associated with tornadoes are caused by flying debris "missiles" and large hail. Tornado damage is rated according to the Enhanced Fujita-Pearson Tornado Scale, commonly called the *EF-Scale*. This scale relates the degree of damage incurred to the intensity of the wind as identified in the aftermath of the event. Assignment of EF-Scale intensity is largely subjective and therefore arbitrary, yet it remains the most widely used and recognized rating system. This scale took the place of the original Fujita-Pearson Scale (called the *F-Scale*) established in 1971. The EF-Scale numbers and corresponding wind speeds are shown in [table 2.2](#t0015){ref-type="table"} .Table 2.2The Enhanced Fujita-Pearson (EF) Tornado ScaleEF NumberThree-Second Wind Gust (mph)Typical DamageEF065--85Light damage. Some damage to chimneys; branches broken off trees; shallow-rooted trees pushed over; sign boards damaged.EF186--109Moderate damage. Peels surface off roofs; mobile homes pushed off foundations or overturned; moving autos blown off roads.EF2110--137Considerable damage. Roofs torn off frame houses; mobile homes demolished; boxcars overturned; large trees snapped or uprooted; light-object missiles generated; cars lifted off ground.EF3138--167Severe damage. Roofs and some walls torn off well-constructed houses; trains overturned; most trees in forest uprooted; heavy cars lifted off the ground and thrown.EF4168--199Devastating damage. Well-constructed houses leveled; structures with weak foundations blown away some distance; cars thrown; large missiles generated.EF5200--234Incredible damage. Strong frame houses leveled off foundations and swept away; automobile-sized missiles fly through the air in excess of 100 meters; trees debarked; incredible phenomena occur.Source: [@bib92]. Enhanced F-Scale for Tornado Damage. NOAA. <http://www.spc.noaa.gov/faq/tornado/ef-scale.html>

*Straight-line winds* are often confused with tornadoes because their damaging consequences can appear the same to the untrained eye. Straight-line winds are also typically associated with thunderstorms, but unlike the rotating vortex of a tornado, they move in a linear fashion. Meteorologists often classify any thunderstorm-related winds as falling within this category. Straight-line winds are considered to be "severe" if they are moving at or over 58 miles per hour. Experts can distinguish between a tornado and straight-line wind by observing the damages, given that debris associated with straight-line winds lie in the same direction, while tornado damage is much more scattered. Different categories of straight-line winds include:•*Downdrafts.* Small-scale columns of air that rapidly sink toward the ground (a "downburst" is a result of a strong downdraft).•*Downbursts.* Strong downdrafts with horizontal dimensions larger than four kilometers (2.5 miles) resulting in an outward burst of damaging winds where it meets the ground (akin to how poured water reacts when making contact with the ground). Downburst damage can be as severe as that which results from a strong tornado.•*Microbursts.* Small concentrated downbursts, generally less than four kilometers across, lasting only five to ten minutes, and with maximum wind speeds of 168 mph. Microbursts can be wet or dry, with wet microbursts accompanied by heavy surface precipitation, and dry microbursts occurring with little or no precipitation reaching the ground.•*Gust fronts.* The leading edge of rain-cooled air that meets the warm air of a thunderstorm. Gust fronts are characterized by a wind shift, temperature drop, and gusty winds out ahead of a thunderstorm.•*Derechos.* Widespread thunderstorm wind events caused when new thunderstorms form along the leading edge of the outer boundary of the storm-cooled air. These phenomena typically occur in the summer when thunderstorms form over the wide plains. Derechoes, which often produce severe rainfall, can produce strong winds that persist for a long time and cover a very large geographic area.•*Bow echoes.* These winds get their name from the bow-shaped appearance they make on radar displays. Damaging straight-line winds often occur near the crest, or center, of a bow echo, which can extend over 300 kilometers in length, last for several hours, and produce extensive swaths of wind damage on the ground ([@bib75]).

*Ice storms* are precipitation events involving freezing rain that accumulates on exposed surfaces to a thickness greater than a quarter inch. These storms can extend for hundreds of square miles and are highly destructive because of the damage caused by the weight of the accumulated ice.

Certain conditions must be present for freezing rain to occur. Two layers of cold air must be present, each less than or equal to 32°F, with a warm layer greater than 32°F in between. The position of the warm layer in this arrangement is important, because it determines whether precipitation will fall as freezing rain, sleet, or snow. Relative humidity must be near 100 percent, and upward-moving air is needed to keep the relative humidity at that level.

Precipitation that begins under these conditions is generated as snow, because the uppermost layer of air is usually cold enough to create flakes. As these snowflakes descend into the warm layer, they begin to melt, sometimes completely. These water drops continue to fall through the lowest cold layer, where they likely do not have sufficient time to refreeze before reaching the ground. They then fall on objects in the bottom-most layer of cold air, which has a surface temperature less than or equal to 32°F, and quickly freeze to form a coat of ice. (See [figure 2.23](#f0120){ref-type="fig"} .)Figure 2.23Ice storm, Lexington, Kentucky, February 2003Source: [@bib200].

The damage associated with ice storms results from the weight of the ice accumulation, which causes tree limbs to break, power lines to fall, and roofs to collapse. Icy roads lead to transportation accidents. Power outages can lead to exposure to extremely cold temperatures and can cause economic impacts due to business interruption and agricultural damage.

*Severe winter storms* (*snowstorms*) are extra-tropical, cold-weather cyclonic weather hazards associated with excessive precipitation of snow, sleet, and ice. (See [figure 2.24](#f0125){ref-type="fig"} .) Many classifications of winter storms dictate that at least four inches of accumulation must occur within 12 hours, or six inches within 24 hours. These storms are dangerous because they can make travel very difficult or impossible, are accompanied by dangerously cold temperatures, and can cause many secondary hazards such as avalanches, snow drifts, and floods. The longer-term effects of successive snow accumulation can be disastrous: snow melts and runs off once temperatures begin to rise, leading to mudslides and widespread flooding. *Blizzards* are a type of severe snowstorm accompanied by very low temperatures (below 20°F) and high winds (35 mph or greater).Figure 2.24Cars buried after a blizzard in Washington, DC, 2003

*Hailstorms* are meteorological events characterized by the precipitation of balls or lumps of clear ice and compact snow. Cold ground temperatures are not necessary for hailstorms to occur, and these events commonly occur throughout the world, including in the tropics. The process by which hailstones form and grow is not entirely understood, but it is believed that ice crystals form within a cloud and then are covered in layer upon layer of frozen water and suspended in strong updrafts until the holding capacity of the cloud is exceeded. Hailstones are generally spherical or irregularly spherical and generally vary in diameter from pellet size to a half inch. On rare occasions, giant hailstones have formed, some up to five inches in diameter.

The primary negative consequence of hail is damage and injury to crops. In Canada, while no human death has ever been attributed to hail, hailstones' damage to crops makes them one of that nation's most costly hazards. One event in 1991 in Calgary, Alberta, caused more than \$450 million in damages in a matter of minutes. Livestock are at risk due to injuries and fatalities sustained during the storms. Humans usually escape death but can be injured by falling hail. Property, such as buildings and cars, often sustains severe damage, and roof collapses are common when the heavy hailstones accumulate quickly. Airplanes have also been damaged by hailstorms.

*Frost* is a hazard that threatens agriculture. Ice crystals form when water vapor freezes upon contact with a surface that is below the frost point. Frost is most common in low-lying valleys where heavier, cooler air collects, especially at night. It also can occur when the air temperature is higher than freezing, but just above the surface is below freezing because of this heavier cold air. Crops can often survive freezing temperatures in the absence of frost, as their cells remain in a liquid state as much as 10°F (12°C) below the freezing point of water. However, once frost forms on the plant, the cells begin to sustain damage and often die. Worldwide crop losses from frost have been estimated to be as high as \$2.5 billion each year.

Frost is known to change the shape of topsoils, which can cause ground deformation and damage to overlying structures. Roads often deteriorate more quickly in areas where frost frequently forms. In Finland, Norway, and Sweden, where frost damage to roads is common, an annual average of \$10 million in damages per country is normally sustained. Frost can also lead to rockfalls when boulders on high precipices are loosened by frost in the surrounding soil or in cracks on the stone.

*Extreme cold* temperatures, which may be fleeting or may persist for days or weeks, can have severe negative consequences. What constitutes extreme cold and its effects vary across geographic regions. For example, in regions relatively unaccustomed to winter weather, near-freezing temperatures are considered "extreme cold." Generally, a significant drop below the average low temperature for an area will cause adverse effects to unprepared people, animals, and property.

Extreme cold is a dangerous situation that can trigger health emergencies in susceptible populations, such as those who are without shelter or stranded, or who live in a home that is poorly insulated or without heat. Wind chill, which is a measure of apparent temperature relative to actual temperature based on observed wind speed, can exacerbate the effects of extreme cold. (See [Table 2.3](#t0020){ref-type="table"} .) Hypothermia is a dangerous condition that is observed much more frequently during periods of extreme cold. Table 2.3Wind Chill ChartTemperature (°F)Calm4035302520151050-5-10-15-20-25-30-35-40-45**Wind (mph)**5363125191371-5-11-16-22-28-34-40-46-52-57-63103427211593-4-10-16-22-28-35-41-47-53-59-66-72153225191360-7-13-19-26-32-39-45-51-58-64-71-7720302417114-2-9-15-22-29-35-42-48-55-61-68-74-812529231693-4-11-17-24-31-37-44-51-58-64-71-78-843028221581-5-12-19-26-33-39-46-53-60-67-73-80-873528211470-7-14-21-27-34-41-48-55-62-69-76-82-89402720136-1-8-15-22-29-36-43-50-57-64-71-78-84-91452619125-2-9-16-23-30-37-44-51-58-65-72-79-86-93502619124-3-10-17-24-31-38-45-52-60-67-74-81-88-95552518114-3-11-18-25-32-39-46-54-61-68-75-82-89-97602517103-4-11-19-26-33-40-48-55-62-69-76-84-91-98Frostbite Times□ 30 min□ 10 min□ 5 minWind chill (°F) = 35.74 + 0.6215*T* − 35.75(*V*^0.16^) + 0.4275*T*(*V*^0.16^), where *T* = air temperature (°F), *V* = wind speed (mph)*Effective 11/01/01*Source: [@bib76].

Extreme cold can cause damage to structures from frozen pipes, including fuel lines, and may lead to bursting or breakage. Fires are common during periods of extreme cold because more people use fireplaces to heat their homes. This effect is increased when power outages accompany the extreme cold. Carbon monoxide poisoning is another related hazard of indoor wood-fire heat.

With extended periods of extreme cold, secondary environmental hazards may arise, such as ice jams on major rivers. (See [figure 2.25](#f0130){ref-type="fig"} .) Flooding behind the jammed ice can be disastrous, especially in conjunction with the extremely cold temperatures that threaten anyone without shelter. Equipment and infrastructure required for heating, transportation, power generation and transmission, and other services may not be functional in extremely cold conditions.Figure 2.25A 2007 ice jam on the Assiniboine River in Winnipeg, MB, Canada, caused localized flooding in the surrounding floodplainPhoto courtesy of Daniel McKay, April 14, 2007.

*Extreme heat*, like extreme cold, is a temperature-related hazard associated with a significant deviation from normal temperatures in a given geographical area. Periods of extreme heat are often called *heat waves*. Extreme heat most significantly affects humans and other living things, although stresses upon electrical infrastructure related to intense demand caused by widespread use of air conditioners can cause secondary, exacerbating disasters. Power outages leave people without any option for cooling down, and negative health effects skyrocket. Extreme heat can also increase the risk from wildfires when conditions are very dry.

Between 1979 and 2001 excessive heat exposure was attributed to almost 10,000 deaths in the United States. That accounts for more deaths than from hurricanes, lightning, tornadoes, floods, and earthquakes in the same period combined. Climate change has resulted in more severe and longer periods of extreme heat, raising the average annual death toll from heat waves to almost 700 in the United States, and some predict this number will triple by the end of the century, thus resulting in approximately 150,000 heat-related deaths over the course of the century ([@bib21], [@bib87].) Europe was affected by one of the worst heat waves in history in 2003, leading to a catastrophic public health disaster. In total, over 40,000 people died from related causes. [Exhibit 2.7](#b0045){ref-type="boxed-text"} describes the effects of that heat wave by country, including secondary hazards that appeared. Exhibit 2.7Description of the 2003 European Heat Wave by CountryFranceIn France, 14,847 people, mostly elderly, perished from the heat. In France, where very hot summers are uncommon, most of the population was unprepared to protect themselves and avoid overheating and dehydration. Additionally, most homes (including retirement homes) are not equipped with air conditioning. Because extreme heat had not been previously identified as a hazard risk, no contingency plans existed for its management. Further compounding the issue was that the heat wave struck during the August vacation season, when many government employees and doctors were away.ItalyIn Italy, 20,000 people died when temperatures varied between 38°C and 40°C in most cities for weeks.United KingdomIn the United Kingdom, the highest temperature since records began in 1911 (38°C/100.4°F) was recorded at London's Heathrow airport on Sunday, August 10, 2003. This was surpassed later the same day at Gravesend, Kent, with a temperature of 38.1°C (100.6°F). By August 15, 907 people were estimated to have died because of the heat.PortugalThere were extensive forest fires in Portugal related to the heat wave. Five percent of the countryside and 10 percent of the forests were destroyed---an estimated 4,000 square kilometers. Eighteen people died in the fires.GermanyIn Germany, a record temperature of 40.4°C was recorded at Roth, Bavaria. With only half the normal rainfall, rivers were at their lowest in over a century, and ships could not navigate the Elbe or Danube Rivers.SwitzerlandMelting glaciers in the Alps caused avalanches and flash floods in Switzerland.Total DeadA total of 40,000 people died from the 2003 European heat wave.Based on: [@bib100].

The elderly, children, and people with certain medical conditions such as heart disease are most vulnerable to this hazard. However, even young and healthy individuals can succumb to heat if they participate in strenuous physical activities during hot weather. Other behaviors that put people at increased risk include drinking alcohol, maintaining long-term exposure to direct sunlight, failing to properly hydrate, and taking medications that impair the body's ability to regulate its temperature or inhibit perspiration.

*Windstorms* are periods of high wind not associated with convective events (severe local storms, hurricanes, and winter storms). They are considered severe if sustained winds of 40 mph or more persist for an hour or longer, or if sustained winds of 58 mph or more are sustained for any amount of time. At higher elevations, minimum wind classifications are increased because of the fact that the air is less dense and thus results in less damage at equal speeds. Categories of windstorms include:•*Gradient high winds.* High winds that usually cover a large area, caused by large-scale pressure systems.•*Mesoscale high winds.* High winds that tend to occur after organized convective systems have passed and are associated with barometric "wake depressions" or strong mesoscale high pressure.•*Channeled high winds.* In mountainous areas or in cities with tall buildings, air can be channeled through constricted passages, producing high winds. Channeled high winds are local in nature but can be extremely strong.•*Tropical-cyclone-associated high winds.* High winds can occur a few hundred miles from where a tropical cyclone has made landfall and are forecast independent of the tropical cyclone.•*Chinook or foehn winds.* Warm, dry winds that occur on the lee side of high mountain ranges, developing with great strength in well-defined areas.

Windstorms cause damage primarily because of their powerful wind forces and secondarily from flying debris. Damage associated with windstorms includes impaired visibility, crop damage, damage to or destruction of buildings and vehicles, power outages and other infrastructure damage, and felled or broken trees. These storms often accompany major winter or early spring blizzards, can affect multiple jurisdictions, and may cover a range of hundreds of square miles. The storms can last anywhere from a few hours to three days with lulls in intensity during the night. They worsen during the late morning and become most intense during the late afternoon when atmospheric mixing is most pronounced ([@bib96]).

The Beaufort scale is the most common measurement of wind force. The original version of this scale, designed in the 1830s, was a sailing tool that did not include wind speed. Speed measures were added later to make the tool more useful for meteorologists. Hurricanes are often listed as Beaufort numbers 12 through16, with a Category 1 hurricane labeled a Beaufort 12. This scale is shown in [table 2.4](#t0025){ref-type="table"} .Table 2.4The Beaufort Wind ScaleBeaufort NumberWind Speed (mph)DescriptionWave Height (m)Sea ConditionsLand Conditions**0**0Calm0FlatCalm**1**1--3Light air0.1Ripples without crestsWind motion visible in smoke**2**4--7Light breeze0.2Small waveletsWind felt on exposed skin; leaves rustle**3**8--12Gentle breeze0.6Large waveletsLeaves and smaller twigs in constant motion**4**13--18Moderate breeze1Small wavesDust and loose paper raised; small branches begin to move**5**19--24Fresh breeze2Moderate (1.2 m) longer waves; some foam and spraySmaller trees sway**6**25--31Strong breeze3Large waves with foam crests and some sprayLarge branches in motion; umbrella use becomes difficult**7**32--38Near gale4Sea heaps up and foam begins to streakWhole trees in motion; effort to walk against the wind**8**39--46Gale5.5Moderately high waves with breaking crests forming spindrift; streaks of foamTwigs broken from trees**9**47--54Severe gale7High waves (2.75 m) with dense foam; wave crests start to roll over; considerable sprayLight structure damage**10**55--63Storm9Very high waves; the sea surface is white and there is considerable tumbling; visibility is reducedTrees uprooted; considerable structural damage**11**64--74Violent storm11.5Exceptionally high wavesWidespread structural damage**12**75 or moreHurricane14+Huge waves; air filled with foam and spray; sea completely white with driving spray; visibility very greatly reducedMassive and widespread damage to structuresSource: [@bib77].

*Sandstorms* (also called *duststorms*) occur when very strong winds blow over loose soil or sand, picking up significant amounts of material in the process. In desert regions, sandstorms become a frequent occurrence at certain times of the year because of the intense heating of the air over the desert surface, which in turn causes instability in the lower atmosphere. This instability produces higher winds in the middle troposphere, which are drawn downward and produce much stronger winds at the surface.

Areas where the ground is extremely dry and has very little vegetation are most susceptible to sandstorms. (See [figure 2.26](#f0135){ref-type="fig"} .) Once particles become airborne, they can reduce visibility to a few feet; cause respiratory problems; and have a damaging, abrasive effect on machinery and structures. Any sandstorm or duststorm that reduces visibility to less than a quarter of a mile will likely pose hazards for travelers, negatively impact commerce, and may cause damages and injuries. Damage caused by these storms include:•Impaired visibility and breathing difficulties, especially for outdoor workers, people in recreational activities, and motorists•Crop damage•Damage to or scouring of buildings, vehicles, and other equipment•Power outages and other infrastructure damage•Broken trees•Damage to electronics, computers, and communications equipment from accumulated dust Figure 2.26Sandstorm approaching a US military base in Iraq, 2005Photo courtesy of Gunnery Sergeant Shannon Arledge, USMC.

In 2008, research showed that duststorms have the ability to pick up and carry contaminants; industrial pollutants; and harmful living organisms such as fungi, bacteria, and viruses. The growing threat is considered significant enough that the World Meteorological Organization (WMO) has established a worldwide monitoring and notification system capable of warning geographic areas in the path of advancing storms ([@bib93]).

*Wildfire*, which is a brush or wildland fire burning out of control over great geographic range, is often considered a meteorological event because it is so closely associated with the weather conditions necessary to sustain and spread it, called *fire weather*. (See [exhibit 2.8](#b0050){ref-type="boxed-text"} .) Other factors that contribute to the generation and spread of wildfire include hydrological conditions, topography, and vegetation (fuel). The following weather conditions promote ignition and rapid spread of fires:•Low humidity•High winds (over 10--20 mph)•Dry thunderstorm (i.e., lightning without rain)•Unstable airFactors that impact the spread and severity of fires include:•*Dry antecedent conditions.* Prolonged hot, dry conditions greatly increase fire danger. In drought conditions, forests can ignite from a weak source that normally would not be a threat.•*Urban-wildland interface.* The spread and severity of residential areas into wildlands mean the human population faces a greater risk of forest fires.•*Available fuel.* The spread of fire depends on the amount of burnable material. Trees that contain oily sap, such as eucalyptus, provide tremendous fuel when dry.•*Hilly terrain.* Fire spreads much faster uphill than downhill and across level terrain. Exhibit 2.8The Global Fire Monitoring Center (GFMC)Following a 1996 seminar on forest fires that took place in Russia, a team led by the Food and Agriculture Organization of the United Nations (FAO) proposed the establishment of a global fire management facility. The government of Germany provided initial funding for this center in 1998, which was designated the *Global Fire Monitoring Center* (GFMC). The GFMC was inaugurated in October of that year.The GFMC serves as a global information portal containing documentation, information, and monitoring on wildfire risk and activity. It is publicly accessible through the Internet. The Center's regularly updated national to global wildland fire products are generated by a worldwide network of cooperating institutions, and include:•Early warning of fire danger and near-real time monitoring of fire events•Interpretation, synthesis and archive of global fire information•Support of local, national, and international entities to develop long-term strategies or policies for wildland fire management, including community-based fire management approaches and advanced wildland fire management training for decision makers•Service as advisory body to the UN system through the coordination of the UNISDR Wildland Fire Advisory Group and the ISDR Global Wildland Fire Network•Provision of emergency hotline and liaison capabilities to enable assistance with rapid assessment and decision support in response to wildland fire emergencies under cooperative agreements with OCHA, Emergency Services Branch, and the WSSD Environmental Emergencies PartnershipGFMC provides updated global fire risk maps every 10 days. The image here is an example of a Global Fire Map dated April 11--20, 2014.Based on: [@bib47].

Wildfires can cause incredible environmental damage, both during the fires and after they have burned. They often burn any unprotected structure that lies in their path, and many deaths are attributed to people who become stranded within zones of major burning. They can also cause transportation problems when they occur along major road and railway routes. Smoke from wildfires tends to cause severe respiratory problems in susceptible individuals. Once the fires have passed or have been extinguished and a major loss of vegetation has occurred, secondary hazards can occur, including mudslides, landslides, river silting, and flooding. (See [figure 2.27](#f0140){ref-type="fig"} .) Figure 2.27Valparaiso, Chile was heavily damaged by wildfires in April 2014. The fires quickly raged out of control because of the steep hills and dense housing that characterized the cityPhoto courtesy of Leonardo Maldonado, 2014.

Forecasters use the Haines Index, shown in [exhibit 2.9](#b0055){ref-type="boxed-text"} , to indicate the potential for large fire growth. The Haines Index is a stability index especially designed for fire weather use. It is determined by combining the stability and moisture content of the lower atmosphere into a single number that correlates with large fire growth. Dry air affects fire behavior by lowering fuel moisture, which results in more fuel available for fire, and by increasing the probability of spotting---new, isolated fires caused by airborne sparks emitted by the primary fire or fires. Instability affects fire behavior by enhancing the vertical size of the smoke column, resulting in strong surface winds as air rushes into the fire to replace air evacuated by the smoke column. Because the index is derived from the combination of two factors that each have a minimum value of 1, the index minimum value is 2. When the index reaches 5 or 6, the probability of extreme fire behavior is moderate to high.Exhibit 2.9Haines Index Potential for Large Fire Growth2 or 3---very low4---low5---moderate6---highSource: [@bib102].

The Global Fire Monitoring Center, which is co-hosted by the United Nations Office for Disaster Reduction, monitors worldwide wildfires and provides regular fire status updates online at [http://www.fire.uni-freiburg.de/](http://www.fire.uni-freiburg.de){#interref8985}.

*Thunderstorms* are local storms accompanied by lightning and thunder. They are produced by cumulonimbus clouds and are usually accompanied by gusty winds, heavy rain, and occasionally hail. Three factors are required for a thunderstorm to develop. The first, which serves to fuel the storm, is moisture in the form of water vapor that must lie in the lowest atmospheric levels. Second, there must be a rapid cooling of air above these low, wet levels, decreasing in temperature with altitude, up to three miles. Finally, there must be a force strong enough to lift the low moist air to the higher, colder atmospheric layers---usually a cold front (the boundary where the cold air from one thunderstorm meets the air outside the storm, called an outflow boundary). As the moist air rises, it begins to cool, and after some time, the water vapor begins to condense into liquid drops. This process causes warming of the cloud mass, which in turn generates rising currents of air that can extend up to 10 miles in altitude.

Thunderstorms are classified as non-severe and severe. Non-severe thunderstorms rarely last longer than two hours. A typical non-severe thunderstorm life cycle consists of three stages:1.*Cumulus stage.* Warm, moist air rises (updrafts) and condenses into tiny water droplets that make up the visible cloud. Outside air is pulled into the cloud. Supercooled droplets of water are carried far above the freezing level.2.*Mature stage.* The cloud grows above the freezing level; precipitation forms and becomes heavy enough to fall back to the earth. Friction caused by the falling precipitation generates downdrafts of cool air that reach the earth's surface. Very heavy rains are associated with this stage. The cloud extends upward to the tropopause, causing a characteristic flat (anvil) top to form. Periods of strong lightning are likely during this stage, which typically lasts from 10 to 20 minutes.3.*Dissipation stage.* The downward motion of air overcomes the storm, depriving it of moist air. Precipitation begins to subside, and the cloud evaporates.4.Thunderstorms become severe when their wind speeds exceed 58 miles per hour and hail forms in balls greater than three-quarters of an inch in diameter. Several different kinds of thunderstorms can form:a.*Single cell.* These are short-lived storms, lasting only 20 to 30 minutes from formation to dissipation and generally covering only a limited area of a few square miles. These storms are relatively uncommon.b.*Multicell.* These are the most common type of thunderstorms, consisting of an organized cluster of two or more single cells. The storm cells fuel each other with the air that flows between them and cause new cells to form in succession on the flank or rear sides about every five to fifteen minutes.c.*Supercell.* These storms, which are always severe because of observed wind speeds, are relatively uncommon. Supercells cause significant damage, last for a long time (typically one to six hours), and travel great distances (200 miles or more; see [figure 2.28](#f0145){ref-type="fig"} ). These storms can cause hurricane-force winds, giant hail (two inches in diameter or more), and significant tornado activity. A supercell produces updrafts of 56 to112 mph that combine with sustained downdrafts to extend the storm's duration. Figure 2.28SupercellPhoto courtesy of Jason Hunter, 2010.d.*Squall lines.* These are lines or bands of active thunderstorms that can extend more than 500 miles, can be 20 miles wide, and consist of many laterally aligned cells that do not interact or interfere with one another. The cells involved in the squall line may be a combination of types. These phenomena often form along cold fronts, but they also can form as far as 100 miles ahead of an advancing cold front, in the warm sector of an extratropical storm. They often trail a large, flat cloud layer that brings significant rain after the storms pass ([@bib97].).

Thunderstorms cause most of their damage through the rain and wind they generate. Flash floods are common because of the rapid precipitation, which cannot be absorbed by the ground and quickly accumulates as runoff. Hail can cause damage to buildings and crops. Lighting can cause fatalities and generate fires. Less common but very damaging are tornadoes that can form as a result of these storms.

*Fog* is essentially a cloud that forms at ground level. However, it is formed by very different processes than those that form clouds in the upper atmosphere. Like clouds, fog consists of airborne condensed water droplets, the result of moist air being cooled to the point at which it can no longer hold all of the water vapor it contains. This is known as the dewpoint. With fog, this cooling may happen for a variety of reasons, including the cooling and moistening of surface air by rain; infrared cooling of cloudless, humid air at night (also called radiation fog); and the passage of a warm, moist air mass over a cold surface (usually snow or ice), which produces so-called advection fog. The various types of fog are listed in [table 2.5](#t0030){ref-type="table"} . Table 2.5Types of FogType of FogFactorsDescriptionEffectsGround fog•Clear nights•Stable air (winds less than 5 mph)•Small temperature--dewpoint spreadHeat radiates away from the ground, cooling the ground and surface air.\
When the air cools to its dewpoint, fog forms (usually a layer of less than 200 feet).Common in many areas, ground fog burns off with the morning sun.Valley fog•Cold surface air and weak winter sun•May follow a winter storm or prolonged nighttime coolingFog can build to a height of more than 1,500 feet. Weak sun may evaporate lower levels of the fog but leave upper levels in place.Found in valleys during the winter, valley fog can last for days, until winds are strong enough to push out the cold air.Advection fog•Horizontal wind•Warm, humid air•Winter temperaturesWind pushes warm humid air over the cold ground or water, where it cools to the dewpoint and forms fog.Advection fog can cover wide areas of the central United States in winter. It may be thick enough to close airports.Upslope fog•Winds blowing up hills or mountains•Humid airAs humid air pushes up hills and mountains, it cools to its dewpoint and forms fog, which drifts up the mountain.Upslope fog is common and widespread in most of the world's great mountain chains.Sea smoke, steam fog•Body of water•Air much colder than water•WindAs cold air blows over warmer water, water evaporates into the cold air, increasing the humidity to the dewpoint. Vapor condenses, forming a layer of fog one to two feet thick over the water.This type of fog forms most commonly over oceans, lakes, ponds, and streams on autumn days.Precipitation fog•Warmer air•Cool rainSome rain evaporates, and the added vapor increases the air to its dewpoint. The vapor then condenses into fog.Precipitation fog forms on cool, rainy days.Source: [@bib96].

The primary danger associated with fog is visibility reduction. Major destructive and often fatal highway pileups are often blamed on thick, rapidly developing fog. Aviation accidents also are commonly blamed on this hazard. Constant fog near steep mountain slopes can either cause or be an indicator of high moisture content in the water, which leads to more rapid erosion and subsequent landslides, mudslides, and mountain road collapse.

*El Niño* and *La Niña* are related weather phenomena characterized by a disruption in the ocean-atmosphere system of the tropical Pacific. (See [figure 2.29](#f0150){ref-type="fig"} .) Both of these events are associated with severe negative consequences that occur throughout the world. The most pronounced effects are an increase in rainfall across the southern United States and in the northwestern coast of South America (Chile, Peru, and Ecuador), and devastating drought and associated brush fires in Australia.Figure 2.29Image depicting sea surface heights, relative to normal, for the 1997 El Niño and 1999 La Niña eventsSource: [@bib67].

In normal, non-El Niño conditions, the trade winds blow toward the west across the tropical Pacific. These winds literally "pile up" warm surface water in the west Pacific, so that the sea surface is about half a meter higher at Indonesia than at Ecuador. The sea surface temperature is about 46°F (8°C) higher in the west, with cool temperatures off South America, due to an upwelling of cold water from deeper levels. This cold water is nutrient rich, supporting high levels of primary productivity, diverse marine ecosystems, and major fisheries. Rainfall is found in rising air over the warmest water, and the east Pacific is relatively dry.

During El Niño years, the trade winds relax in the central and western Pacific, leading to a depression of the thermocline (juncture of cold and warm water) in the eastern Pacific and an elevation of the thermocline in the west. Ocean water temperatures reach points well above normal in the eastern Pacific, and rainfall follows that warm water eastward, bringing the associated flooding to South America and drought to Indonesia and Australia. The eastward displacement of the atmospheric heat source overlying the warmest water results in large changes in the global atmospheric circulation, which in turn forces changes in weather in regions far removed from the tropical Pacific. (See [exhibit 2.10](#b0060){ref-type="boxed-text"} .)Exhibit 2.10World Meteorological Organization Region IV Adopts Consensus El Niño and La Niña Index and DefinitionsNOAA announced on April 28, 2005, that the 26 nations of the World Meteorological Organization's Regional Association IV had adopted a Consensus Index and Definitions of El Niño and La Niña conditions. By doing so, scientists and governments throughout the region are now better able to define potential impacts from these short-term climate shifts and prepare for remedial action.The Consensus was agreed upon earlier that year by the NOAA National Weather Service, as the U.S. representative, and its meteorological service counterparts in Canada and Mexico. In adopting the North American Consensus, the Regional Association IV Member nations, located in North and Central America and the Caribbean, agreed that the index and definitions could be revised in the future based on further scientific research, and Member nations were urged to define local thresholds for impacts based on the index. The Consensus is now known as the WMO RA IV Consensus Index and Definitions of El Niño and La Niña. Worldwide consensus on this approach is being sought through the WMO.By agreeing to the same operational definition for El Niño and La Niña events, members are better able to collaborate on understanding risks and mitigating impacts throughout the region. Scientists are now better able to focus on whether observations of the measurable changes in Pacific sea surface temperatures will lead to changes in the rain and temperature patterns around the world. The definitions focus more attention on these shifts and help governments in the region brace for periodic flooding or drought conditions.As part of the agreement, the WMO Commission for Climatology established an expert team on El Niño and La Niña definitions. Led by NOAA, the expert team catalogs El Niño and La Niña definitions in operational use globally to further assist improving analysis of local and regional impacts. The index is defined as a three-month average of sea surface temperature departures from normal for a critical region of the equatorial Pacific (Nino 3.4 region; 120--170W, 5N--5S). This region of the tropical Pacific contains what scientists call the "equatorial cold tongue," a band of cool water that extends along the equator from the coast of South America to the central Pacific Ocean. Departures from average sea surface temperatures in this region are critically important in determining major shifts in the pattern of tropical rainfall, which influence the jet streams and patterns of temperature and precipitation around the world.Operational definitions for El Niño and La Niña are*El Niño*: A phenomenon in the equatorial Pacific Ocean characterized by a positive sea surface temperature departure from normal (for the 1971--2000 base period) in the Niño 3.4 region greater than or equal in magnitude to 0.5°C, averaged over three consecutive months.*La Niña*: A phenomenon in the equatorial Pacific Ocean characterized by a negative sea surface temperature departure from normal (for the 1971--2000 base period) in the Niño 3.4 region greater than or equal in magnitude to 0.5°C, averaged over three consecutive months.El Niño and La Niña classifications and definitions used by different countries can be found by accessing the WMO document *Catalog of Indices and Definitions of El Niño and La Niña in Operational Use by WMO Members* at <http://bit.ly/1heCPbj>.Based on: [@bib75].

La Niña is a phenomenon often described as being El Niño's opposite. It is characterized by cooler-than-normal sea surface temperatures in the central and eastern tropical Pacific Ocean, though it has other impacts on global weather patterns. Like El Niño, La Niña recurs every few years and can persist for as long as two years.

Typically, a La Niña is preceded by a buildup of cooler-than-normal subsurface waters in the tropical Pacific. Eastward-moving atmospheric and oceanic waves help bring cold water to the surface through a complex series of events that are not well understood. Eventually, the easterly trade winds strengthen, cold upwelling off Peru and Ecuador intensifies, and sea-surface temperatures drop below normal. Like El Niño, La Niña tends to peak when it is winter in the Northern Hemisphere.

La Niña years are marked by altered weather patterns in certain parts of the world. Abnormally high rainfall is observed in Southeast Asia, while dry to drought conditions occur in South America. Other impacts that have been observed during La Niña years include:•Abnormally heavy monsoons on the Indian subcontinent•In the United States, colder and snowier winter in the northern states west of the Great Lakes, drier-than-normal winter in the Southeast, warmer and drier winter in the Southwest, and enhanced hurricane activity around the mid-Atlantic states•Torrential rains in Southeast Asia that often cause flooding•Wetter-than-normal weather in eastern Australia•Cooler and wetter winters in southeastern Africa

*Climate change* is not a single hazard but is, rather, an observed change in average global climatic conditions that are occurring over time. Drastic climate changes have occurred earlier in the planet's historical record, though evidence shows the rates of change to have been much more gradual than is currently occurring. An overwhelming amount of scientific evidence has indicated that many of these gradual processes are speeding up significantly, and it is likely that human activities are to blame. As humans adapt to static, predictable climate patterns, it is only logical that any significant change in that climate system will cause primary and secondary effects that are hazardous to human life and property. In 2014, the United Nations Intergovernmental Panel on Climate Change released a report that indicated global greenhouse gas emissions increased from 2000 to 2010 at a rate that was more rapid than in any of the three preceding decades.

While there still remains controversy over whether or not human activities are to blame for the changes that have occurred, it is certain that these changes will persist and, in the process, increase the catastrophic potential of many meteorological hazards that exist today (while possibly decreasing the potential of others). Many interest groups feel that the observed increase in these hazards in recent history is actually a first indication of these increased effects, caused by global warming, air and water pollution, and other human-induced factors. These theories, which decades ago seemed far-fetched, are today attracting the attention of the world's nations, major multilateral groups, and private and nonprofit environmental groups.

Models for predicting climate change have been created, providing insight into what changes can be expected without intervention or behavioral change. Several trends have been recognized; for instance, increases in the amount of greenhouse gases released into the atmosphere will likely raise temperatures over most land surfaces, with great regional variation. Increased drought and storm intensity is likely, including tropical cyclones with higher wind speeds, a wetter Asian monsoon, and, possibly, more intense mid-latitude storms.

Storm formation patterns are altered by decreases in the temperature difference between the poles and the equator, as is occurring with the changing climate patterns. The temperature difference fuels mid-latitude storms, which affect many of the world's highest density population centers. With warmer temperatures comes increased atmospheric water vapor and, thus, a hotter, more humid environment. These changes are likely to be most pronounced at the poles. Storms will become much more intense and more difficult to predict and track as the changes increase.

Other effects of climate change include much higher and lower average temperatures and longer periods of cold and heat waves. Environmental changes are occurring, including rising sea levels caused by melting of the world's snow and ice cover at the poles and in glaciers. Coastal flooding, especially in low-lying countries, is one of many negative effects. Predictions by the Intergovernmental Panel on Climate Change have stated that global warming could cause sea levels to rise between 0.11 and 0.77 m (0.36 to 2.5 feet) by 2100. In June and July of 2010, the governments of Thailand and Viet Nam, respectively, reported projections that both Bangkok and Ho Chi Minh City were facing the prospect of inundation caused by rapidly rising sea levels. In Bangkok, it is estimated that the city will be under water within a century because of a combination of up to four inches of land subsidence caused by aquifer drainage and a three- to four-centimeter annual rise in the Gulf of Thailand ([@bib14], [@bib27]). It is feared that 61 percent of Ho Chi Minh City, representing land occupied by over 7 million people, will face constant risk of catastrophic flooding due to land falling below the level of the rising seas ([@bib108]). Countries including the Maldives, Palau, Kiribati, Bangladesh, Tuvalu, Barbados, the Philippines, Solomon Islands, Federated States of Micronesia, Papua New Guinea, and the Cook Islands, among others, face the prospect of losing large areas of land, or even their ability to survive as a nation, if sea-level rise continues at projected rates ([@bib46]).

### Biological/Health-Related Hazards {#s0055}

*Biological hazards* is an umbrella grouping that includes threats derived from live pathogens or the byproduct of living things that cause or are related to disease and death in plants, animals, and humans. Daily life involves almost constant contact with biological hazards, including bacteria, viruses, plant and animal irritants, pollutants, toxins, and others. While the vast majority of these exposures result in no significant adverse effects, those that do collectively result in the greatest proportion of human morbidity and mortality.

Individuals and societies constantly seek new ways to prevent exposure to biological threats. Mechanisms of management range from simple hand washing to highly complex vaccines, medical treatments, protective clothing, and environmental (air and water) filtering. Unfortunately, large-scale outbreaks of and exposures to biological hazards occur annually and require a significant containment and response effort to control. Hospitals and public health systems are quickly overwhelmed by the surge in patient needs, and other functions of government, commerce, and society can quickly break down when a critical number of employees are unable to report to work. Fear and misunderstandings about biological hazards can lead to marginalization of different groups, refusal of treatment, and other human rights abuses. This section describes the most common biological disasters faced today.

*Human epidemics* are illnesses caused by single pathogenic sources that afflict a population at a rate that rises faster than the disease can be controlled. The total number of people with the disease is not a factor of epidemics; thus, for certain very rare diseases, a small number of people can constitute an epidemic, in which case it is often called an *outbreak*. (See [figure 2.30](#f0155){ref-type="fig"} .) Epidemics are often defined by their geographical range, which can include a community, a country, or even the entire globe (called a *pandemic*). Pathogens can normally be present without causing an epidemic, but a change in certain conditions (such as climatic variance or mutations) may make their spread more effective and/or their treatment more difficult. Figure 2.30Ebola was confirmed in Guinea for the first time ever in March of 2014. The virus causes a hemorrhagic fever that is fatal in up to 90 percent of infections. Animals such as fruit bats, rodents, and monkeys are believed to have served as reservoirs for the virus. Once it passed from an infected animal to a human, the virus began spreading through human-to-human transmission. Though frightening and very lethal, relatively simple precautions can break the cycle of transmission and stop the epidemic from spreading. The European Commission's Humanitarian Aid and Civil Protection department (ECHO) supports Doctors Without Borders (MSF), the World Health Organization (WHO), and the International Federation of Red Cross/Red Crescent (IFRC) in their efforts to contain the epidemicSource: European Commission DG ECHO, 2014.

Epidemics can arise quickly or gradually, and can be halted quickly or persist for decades. The AIDS pandemic, for instance, which is controllable (but not yet curable) with proper medication, public education, and policy, persists a full 30 years after its discovery. The SARS (Severe Acute Respiratory Syndrome) epidemic, however, which struck twice in two consecutive years, was quickly controlled through the action of a coordinated international public health effort. Fears persist about the possible spread of avian influenza (H5N1) and other virulent influenza strains, because any mutation that results in more effective human-to-human transmission poses quite possibly the greatest threat to the human population. The World Health Organization has postulated scenarios where hundreds of millions of people succumb to the illness before it is brought under control, as based on increasing population densities, the ease of global travel, and limits of the public health and medical systems. The most recent pandemic influenza threat, which is the H1N1 strain (also referred to as swine flu), continues to be incredibly effective at passing through the human population, but has proven to be less deadly than even the regular "annual" flu. A coronavirus related to the SARS virus that causes MERS (Middle East Respiratory Syndrome), which is believe to be carried by camels and transmitted to humans, has infected hundreds of people in Saudi Arabia and, to a lesser degree, people in neighboring countries. The fatality rate is as high as 30 percent, but, at present, human-to-human transmission is not occurring, so the virus is considered controllable.

Managing epidemics is a difficult task. It requires the conduct of a complex set of tasks managed by a range of officials from public health and other government offices, nonprofit agencies, and private facilities such as hospitals and clinics. There are many components to this effort, including recognition of the epidemic (and the ability to test for the disease), the ability to locate victims and backtrack their actions, existing and available medical treatment options and facilities, mechanisms to control further spread of the disease (including quarantine if needed), public education, and short- and long-term disease prevention among those not afflicted (vaccination, social distancing, and other prophylaxis, if available). Self-reporting by those who are infected, which is not always conducted, makes controlling an epidemic much more effective.

Statistically speaking, epidemics remain the greatest killers of humans. History is dotted with epidemic and pandemic events that have decimated populations. (See [exhibit 2.11](#b0065){ref-type="boxed-text"} .) Because the projected transmission and fatality rates are very difficult to establish with accuracy, public health organizations and agencies are typically overly careful in their warnings. In the initial weeks of the H5N1 outbreak, for example, the WHO declared the disease a worldwide pandemic. When the disease turned out to be less deadly than originally expected, the organization fell under intense scrutiny for an approach many considered in hindsight to be alarmist ([@bib53]). However, the intense vaccination campaign that occurred following this declaration is likely what would be needed to drive the research, development, production, and administration of an effective vaccine should a more virulent strain arise. The event also pushed for greater pandemic preparedness planning on a global scale, which has driven a change in the way many businesses and governments operate. The great importance placed on pandemic preparedness and control was illustrated in early 2014 when the Saudi Arabia Minister of Health was removed from office to send a message to the public that the government was taking the situation seriously. At the time of his removal, only 261 infections had been registered in the country, of which 81 had resulted in death ([@bib13]).Exhibit 2.11Great Epidemics and Pandemics430 BCAn unknown pathogen that struck during four years of the Peloponnesian War killed a quarter of the Athenian army and a quarter of the surrounding population.AD 165--180Five million people were killed in Rome by either smallpox or measles in the Antonine Plague, also known as the Plague of Galen.251--266A second outbreak of the same or a similar disease that caused the Antonine Plague struck Rome again. Although total numbers of fatalities are not known, it is estimated that over 5,000 people per day were dying during the peak of the epidemic.541--542The Plague of Justinian, an early outbreak of bubonic plague, killed as many as 25 million people and reduced the population of the Mediterranean by a quarter.1347--1350The Black Plague, a pandemic of bubonic plague, affected many areas throughout the world, reducing the population of Europe by 20 million, or 33 percent (50 percent in some countries).1629--1631The Great Plague of Milan, an epidemic of bubonic plague, killed 280,000 people. The city of Milan lost about 45 percent of its population.1918--1919The Spanish Flu, a pandemic of influenza, killed an estimated 25--50 million people worldwide in a period of only 18 months, with a majority of deaths occurring during one six-month period. Seventeen million people died in India alone.1957--1958A pandemic of influenza named the Asian Flu jumped from wild ducks to humans and killed as many as 4 million people worldwide.1968--1969The Hong Kong Flu killed approximately 1 million people worldwide, most of whom were over 65 years of age.1977--1978The Russian Flu was the common H1N1 that spread more widely than usual but which was not necessarily more fatal than in typical years.2009--2010The Swine Flu epidemic, a variant of H1N1 classified A/H1N1, killed an estimated 285,000 people worldwide, many cases of which were never confirmed to be influenza through laboratory testing.**Based on:**[@bib37]; [@bib35].

*Livestock* or *animal epidemics*, including those in aquatic environments, refer to epidemics that affect the life of any animal other than humans. (See [figure 2.31](#f0160){ref-type="fig"} .) Animal epidemics often strike livestock on a large scale, with great economic consequences to affected regions and countries. Epidemics can cause a loss of confidence in food supplies from the afflicted areas, and even non-contaminated meat can be rendered valueless. A list of common diseases that affect animals throughout the world is provided in [exhibit 2.12](#b0070){ref-type="boxed-text"} .Figure 2.31Veterinarian Carole Bolin prepares to inject a cow with the new vaccine for bovine leptospirosisPhoto courtesy of Keith Weller.Exhibit 2.12List of Worldwide Animal DiseasesAfrican horse sickness: equineAfrican swine fever: porcineAnaplasmosis: bovineAnthrax: any speciesAtrophic rhinitis: porcineAvian infectious bronchitis: avianAvian infectious laryngotracheitis: avianAvian influenza: avianAvian tuberculosis: avianBabesiosis: bovine, porcineBluetongue: any speciesBovine spongiform encephalopathy: bovineBrucellosis: any speciesCaprine arthritis/encephalitis: caprine, ovineCaseous lymphadenitis: caprine, ovineChlamydiosis: avianChronic wasting disease: cervidsContagious agalactia of sheep and goats: caprine, ovineContagious bovine pleuropneumonia: any speciesContagious caprine pleuropneumonia: caprine, ovineContagious equine metritis: equineCysticercosis: bovine, porcineDermatophilosis: bovineDourine: equineDuck virus enteritis: avianDuck virus hepatitis: avianEchinococcus/hydatidosis: any speciesEnterovirus encephalomyelitis: porcineEnzootic abortion of ewes: caprine, ovineEnzootic bovine leukosis: bovineEpizootic hematopoietic necrosis: aquacultureEpizootic hemorrhagic disease: cervidsEpizootic lymphangitis: equineEquine encephalomyelitis: avian, equineEquine infectious anemia: equineEquine influenza: equineEquine piroplasmosis: equineEquine rhinopneumonitis: equineEquine viral arteritis: equineExotic myiasis: any speciesFoot and mouth disease: any speciesFowl cholera: avianFowl pox: avianFowl typhoid: avianGenital campylobacteriosis: bovineGlanders: any speciesGoat and sheep pox: caprine, ovineHeartwater: any speciesHemorrhagic septicemia: bovineHog cholera: porcineHorse mange: equineHorse pox: equineInfectious avian encephalomyelitis: avianInfectious bovine rhinotracheitis/infectious pustular vulvovaginitis: bovineInfectious bursal disease: avianInfectious hematopoietic necrosis: aquacultureJapanese encephalitis: equineLeptospirosis: any speciesListeriosis: bovine, caprine, ovineLumpy skin disease: any speciesMaedi-Visna/ovine progressive pneumonia: caprine, ovineMalignant catarrhal fever: any speciesMarek's disease: avian*Mycoplasma gallisepticum:* avianNairobi sheep disease: caprine, ovineNewcastle disease: avian*Onchorhynchus masou* virus disease: aquacultureOvine epididymitis: ovineOvine pulmonary adenomatosis: caprine, ovineParamyxovirus: avianParatuberculosis: any species*Peste des Petits Ruminants*: any speciesPorcine reproductive and respiratory syndrome: porcinePseudorabies: any speciesPullorum disease: avianQ fever: caprine, ovineRabies: any speciesRift Valley fever: any speciesRinderpest: any species*Salmonella enteritidis enteritidis:* avian*Salmonella typhimurium DT 104:* bovineSalmonellosis: caprine, ovineScabies: bovine, caprine, ovineScrapie: caprine, ovineScrewworm: any speciesSpring viremia of carp: aquacultureSurra: equineSwine vesicular disease: porcineTheileriosis: bovineToxic substance contamination: any speciesTransmissible gastroenteritis: porcineTransmissible spongiform encephalopathy: any speciesTrichinellosis: porcineTrichomoniasis: bovineTrypanosomiasis: bovineTuberculosis: any speciesVenezuelan equine encephalomyelitis: equineVesicular exanthema: porcineVesicular stomatitis: any speciesViral hemorrhagic septicemia: aquacultureSource: [@bib63].

In early 2008, research published in *Nature* magazine based on more than six decades of infectious disease research showed that there are a number of hotspots throughout the world where new and emerging infectious disease outbreaks are occurring at rising rates. While the majority of these hotspots are located within the tropics and in developing countries, they extend as far north as Canada and Scandinavia and as far south as South Africa and Australia. What is surprising about these findings is that the majority of outbreaks are the result of pathogens crossing over from animal to human hosts, also known as zoonotic diseases ([@bib56]). More information on animal diseases can be found by accessing the World Organization for Animal Health (OIE) World Animal Health Information Database (WAHID) at <http://bit.ly/1mLWvKI>.

Epidemics that impact the insect populations can have significant ripple effects into other areas, including food production and the economy, just like those that impact livestock. An increase in Colony Collapse Disorder (CCD), which is a situation where honeybee populations suddenly disappear, has resulted in predictions of global food shortages given that over \$200 billion of food crops are pollinated by honeybees. While there are many reasons why CCD occurs, researchers have found that several biological factors, including infestation with parasitic mites, infection with the Israeli Acute Parasitic Virus, and infection with the Nosema fungus, are likely contributors. Some countries have seen as much as a 50 percent year-over-year decline in their honeybee populations ([@bib110]).

*Plant* and *agricultural epidemics* threaten to cause both economic and environmental damage. The great Irish potato famine of 1845 through 1850 (caused by *Phytophthora infestans* fungus), which resulted in the starvation of more than 1 million people and the emigration of another 1.5 million, is possibly the most widely recognized example of a disaster caused by this very real hazard. Two million people died in South Asia as a result of the Bengal rice epidemic in 1942. More recently, in 1970, the United States was affected by an epidemic that affected corn crops (corn leaf blight), although the result was more economic in nature (\$1 billion in losses).

Plant and agricultural epidemics can be caused by a number of factors, many of which are not dependent on an external biotic organism like pathogens, insects, or animals. Epidemics can simply be the result of a change in climate (including rainfall, temperature, sunlight, relative humidity, and wind). [Exhibit 2.13](#b0075){ref-type="boxed-text"} describes possible sources of plant and agricultural epidemics, and [exhibit 2.14](#b0080){ref-type="boxed-text"} discusses a recurring agricultural epidemic and its impact. Exhibit 2.13Sources of Plant and Agriculture EpidemicsNonparasitic•High and low temperatures•Oxygen deficiency•Toxic gases: air pollution•Mineral deficiency and excess•Drought•Light (too much or too little)FungiBacteria•Wilts•Rots•Blights•GallsViruses•Reduced growth•Mosaics•RingspotsAlgaeOther plants (toxicity and competition)ProtozoaInsectsSnailsRodentsNematodesSource: [@bib25].Exhibit 2.14FAO Response to 2013 Madagascar Locust PlagueIn 2013, Madagascar faced a locust plague that threatened the livelihoods and food and nutrition security of 13 million people. From [@bib40]:"The ... Malagasy Migratory Locust plague started in April 2012 and had a dramatic impact on agricultural production and the availability of pasture resources for livestock. Rice, and other crops, \[faced\] considerable damage by the locust plague, which \[threatened\] domestic supply and cereal prices.Madagascar is prone to frequent natural disasters that have a significant effect on the livelihoods of the most vulnerable rural populations. Since 2009, the combined effect of droughts and cyclones, as well as political instability, has worsened the living conditions of thousands of households, mainly in the southwestern part of the country where more than 80 percent of the population lives below the poverty line.In the southwest, which is the core of the locust plague, cyclone Haruna, which struck Madagascar on 22 and 23 February 2013, ... worsened the situation, not only causing considerable damage, but also improving the locust breeding conditions for a longer period than usual. A combination of historical data, experience gained during the past decades, and recent information from field assessments showed that, in the absence of a locust campaign, at least 1.5 million hectares could \[have led to being\] infested by locusts in two thirds of the country by September 2013. ... Depending on its size and density, a locust swarm can consume up to 100,000 tonnes, per day, of green vegetation, including crops. Given that the locust-affected regions account for 50 percent of the total agricultural land under rice cultivation and more than 60 percent of the total rice production, the potential damage that large mobile swarms \[could have\] inflicted on cropland and pastures is tremendous.In view of the deteriorating situation, the Ministry of Agriculture of Madagascar declared on 27 November 2012, a state of locust alert and public disaster for the whole country. In December 2012, the Ministry of Agriculture requested technical and financial assistance from the Food and Agriculture Organization of the United Nations (FAO) to address the ... locust plague, ensure the mobilization of funds, as well as the coordination and implementation of an emergency response.Given the magnitude and geographical scope of the locust plague, FAO estimated that a sustained three year effort comprising three successive locust campaigns (2013--2016) totaling USD \$41.5 million \[would\] be required. Of this amount, USD \$22.4 million \[was\] required by June 2013 to launch the first large-scale locust campaign (2013/14). ...Programme objective and approachIn response to the locust plague, an emergency Programme has been jointly prepared by FAO and the Ministry of Agriculture of Madagascar. The overall objective is to *safeguard the food security of rural populations in Madagascar*.Considering the importance and geographic extent of the infested and contaminated areas, it is estimated that at least three successive locust control campaigns are now necessary to return to a locust recession situation, as follows:•Locust Campaign 1: fight against the plague from September 2013 to September 2014 (1.5 million hectares to be treated)•Locust Campaign 2: measures to support the anticipated decline, from October 2014 to September 2015 (500,000 hectares to be treated)•Locust Campaign 3: towards recession and capacity building of the National Locust Centre, from October 2015 to June 2016 (150,000 hectares to be treated).The three-year Programme in response to the locust plague has five components:1.Capacity for monitoring and analysis of the locust situation strengthened2.Locust control capacity strengthened3.Human health preserved and the environment protected4.Implementation and coordination of the Programme (including the National Locust Emergency Plan)5.Assessment of the effectiveness of locust campaigns and the impact of the locust crisis on crops and pastures.Program budgetThe total budget for the implementation of the three-year Programme exceeds USD \$41 million."To see the full program description, visit <http://bit.ly/R48PII>.Source: FAO, 2013.

There are five basic categories of plant diseases:1.*New diseases.* Diseases introduced on a new host within the past five years in a new geographic area2.*Emerging diseases.* Diseases whose incidence has increased within the past 10 to 15 years3.*Reemerging diseases.* Diseases previously known in the area but that are gaining importance4.*Threatening diseases.* Diseases not reported or with limited distribution in a new geographic area5.*Chronic/spreading diseases.* Diseases whose presence has been known for a long period and that are still causing outbreaks

Plant and agricultural outbreaks can be spread by a number of means, including (but not limited to) the following:•Vectors (insects, such as aphids, are common vectors)•Propagation of diseased plants•Planting of infected seeds•Use of contaminated cattle manure•Movement of crops in contaminated equipment•Wind, including hurricanes and tornadoes•Human transportation of infected plants and fruits (intentional and unintentional)

Controlling certain pathogens requires the complete destruction of a crop as well as crops in surrounding areas. Chemicals used to prevent or control plant and agricultural epidemics have been found on occasion to cause as much, if not more, environmental damage than the actual disease.

### Other Natural Hazards {#s0060}

In addition to these natural hazards, there are individual natural hazards that do not fit neatly into any single category. Although the list extends far beyond what is covered in this book, the following are examples of hazards that disaster managers must consider in light of the hazards' catastrophic potential.

*Meteorites* strike the earth many times each day. The flash of light they cause when they ignite in space or within the atmosphere is what is referred to as a meteorite. Most meteorites burn up in the earth's atmosphere before they ever reach the ground. However, on many occasions these extraterrestrial masses do make contact with the earth, but their decayed size results in minor or inconsequential impact. As of 2013, approximately 45,500 intact meteorites had been found, but over two-thirds of these were located in Antarctica ([@bib9933]). Humans have been injured by meteorites on a few occasions, but the only known fatalities from space objects falling to earth are a horse in Ohio in 1860 and dog in Egypt in 1911. Property damage has also been negligible.

Large meteorites, which could cause major disasters if they hit the earth, including the extinction of all life on the planet, are what are referred to in risk management as a "very low probability, very high consequence" hazard. Although emergency managers could ignore them because the possibility of their striking is so low, their consequences must be considered because they are so great. (See [table 2.6](#t0035){ref-type="table"} .) In the history of the earth, about 120 extant large craters have resulted from large meteorites, including one whose diameter extends over 100 miles and is thought to be the cause of the extinction of the dinosaurs. Other large meteorites have exploded in the lower atmosphere before reaching ground, destroying everything below but causing no crater to form. The 1908 Tunguska meteorite flattened an entire forest more than 30 miles across. (See [figure 2.32](#f0165){ref-type="fig"} .) On February 15, 2013, a large meteorite exploded in an airburst over several cities in Russia. More than 3,600 buildings were damaged, mostly in the form of shattered glass and roof collapse. More than 1,200 people were injured, either from flying glass, falling roof material, or from looking at the blinding light of the explosion. The event received the name Chelyabinsk meteorite from the name of the first of the affected cities. This event was notable in that automobile dashboard cameras and security cameras provided a detailed account of the event for researchers ([@bib10]). Table 2.6Possible Consequences from Impacts of Meteorites, Comets, and Asteroids of Various SizesMeteorite/Comet/Asteroid DiameterEnergy and Where DepositedLikelihood of Occurrence During This CenturyPotential Damage and Required Response\>0.3 meters2 tons TNT, upper atmosphere1,000 per yearDazzling, memorable bolide or "fireball" seen; harmless\>1 meters100 tons TNT, upper atmosphere40 per yearBolide explosion approaching brilliance of the sun for a second or so; harmless, may yield meteorites\>3 meters2 kT, upper atmosphere2 per yearBlinding explosion in sky; could be mistaken for atomic bomb\>10 meters100 kT, upper atmosphere6 per centuryExtraordinary explosion in sky; broken windows, but little damage on ground; no warning\>30 meters2 MT, explosion; stratosphere40 percentDevastating stratospheric shock wave may topple trees, weaken wooden houses, ignite fires within 10 kilometers; deaths likely if in populated region (1908 Tunguska explosion was several times bigger); advance warning very unlikely, all-hazards advanced planning would apply\>100 meters80 MT, lower atmosphere or surface explosion affecting small region1 percentLow-altitude or ground burst larger than biggest ever thermonuclear weapon, regionally devastating, shallow crater one kilometer across; after-the-fact national crisis management (advance warning unlikely)\>300 meters2,000 MT, local crater, regional destruction0.2 percentCrater five kilometers across and devastation of region the size of a small nation *or* unprecedented tsunami; advance warning or no notice equally likely; deflect, if possible; internationally coordinated disaster management required\>1 kilometer80,000 MT, major regional destruction; some global atmospheric effects0.02 percentDestruction of region or ocean rim; potential worldwide climate shock---approaches global civilization destruction level; consider mitigation measures (deflection or planning for unprecedented world catastrophe)\>3 kilometers1.5 million MT, global\<1 in 50,000Worldwide, multiyear climate/ecological disaster; civilization destroyed (a new Dark Age), most people killed in aftermath; chances of having to deal with such an impact are extremely remote; mitigation extremely challenging\>10 kilometers100 million MT, global\<1 in a millionMass extinction, potential eradication of human species; little can be done about this extraordinarily unlikely eventualitySource: [@bib9930].Figure 2.32Forest destroyed by a meteorite in Tunguska, Siberia, 1908Photo courtesy of Anatoly Klypin.

*Poisoning* of large populations due to natural, nonpathogenic (e.g., *Escherichia coli* food poisoning) circumstances is rare, but it happens enough to merit mention as a potential catastrophic hazard. Disasters included in this category result from a poisonous material, such as a gas or a mineral, being introduced into the food supply, the water, or the air. These hazards can strike in an instant or kill populations slowly over the course of years.

In 2000, the World Health Organization (WHO) released a statement describing their urgent concern about the emergence of widespread contamination of wells in many countries throughout the world, including Argentina, Bangladesh, Chile, China, India, Mexico, Taiwan, Thailand, and the United States. The contamination is caused by naturally occurring arsenic in groundwater, and the people who rely on this water are afflicted in high numbers with skin lesions, cancers, and other ailments. In Bangladesh alone, more than 77 million (of the country's 125 million) people are at risk, and over 100,000 people have developed sicknesses. In India, the number of people sickened has exceeded 200,000. The WHO considers the problem to be the worst mass poisoning in history ([@bib112]).

Other means of natural poisoning include naturally occurring mercury from eating excessive amounts of certain fish, carbon monoxide poisoning from traditional indoor cooking practices, excess fluoride in groundwater, radon in groundwater, and sulfur clouds released from volcanic lakes, as previously described.

*Soil salination* is a natural hazard caused by both natural and man-made processes. When soil salt content reaches certain levels above normal for a particular ecosystem or region, the soil's normal plant life can no longer survive and the ground becomes effectively "barren." Salination occurs because of three separate processes:1.Naturally occurring salt within the composition of soil2.Geographic conditions that promote the movement of salt in groundwater3.Climatic and meteorological conditions that promote salt accumulation

These natural processes tend to occur slowly, and surrounding ecosystems change in reaction as necessary (even if the change results in barren land, such as the natural salt flats found around the world). Human influence has sped up many of these processes, mostly through the use of irrigation, which tends to increase the rate by which water is filtered through the ground and water tables are replaced by an inflow of outside water. Other factors that affect groundwater levels, like the construction of dams, can have the same effect. The Aswan Dam, built in 1970 in Aswan, Egypt, allowed for increased irrigation below the dam, which, because of the high rates of evaporation in the Egyptian heat, has ultimately resulted in a dramatic increase in salt content in that soil.

Soil salination has several direct consequences. The most obvious is that arable land is eventually made infertile, leading to a decrease in a nation's ability to produce food. In countries like Egypt that have a shortage of arable land, salination can have a dramatic impact. Infrastructure is also affected. Salt naturally erodes many materials, including those used to fabricate roads, pipes, wires, and building materials. Additionally, groundwater can become saline if the soil salt content rises too high, making it unusable for humans and animals. Finally, if soil becomes barren because of salination, anchor vegetation dies and soil erosion increases, resulting in a number of secondary hazards mentioned throughout this chapter.

*Space weather* refers to the conditions that exist outside of the earth's atmosphere that nonetheless have an influence on the planet's natural and built environments. Space weather is caused by magnetism, radiation, plasma, and other matter. It impacts communication and navigation systems and can even render them useless; it also affects the in-flight machinery of airplanes and spacecraft. In 1989, Canada experienced a widespread power failure when, on March 9, a solar flare resulted in a geomagnetic storm, which in turn influenced magnetic currents on the surface of the earth, and subsequently caused electrical transformers to fail a full four days later ([@bib81]).

*Animal attacks* occur from time to time that result in a major emergency or disaster. Large animals can cause significant damage to property and kill or injure many people. A weeklong rampage involving about 100 elephants in India in 2007 resulted in the destruction of dozens of homes, leading to more than 50 cases of homelessness. Elephants actually caused more than 600 deaths in India in less than two decades ([@bib28]). In the United States, two stampeding horses injured 24 people during an Independence Day parade ([@bib95]).

Technological Hazards {#s0065}
---------------------

The second major group of hazards explored in this chapter are technological hazards. These are the negative consequences of human innovation that result in the harm or destruction of life, property, or the environment. They range from chemical spills to power failures and from computer programming bugs to mass transportation accidents. By their very nature, they are generally new hazards in terms of the full spectrum of threats humans have faced, so comparatively little is understood about their full likelihood or potential consequences. They can be very difficult to predict, and a wider range of triggers tends to initiate them, including many of the natural hazards previously discussed. Depending on the circumstances, seemingly equal technological hazards can affect geographic areas from as small as a single city block to as large as an entire continent. As technology advances, the catalog of technological disasters only expands.

Technological hazards differ from natural hazards in that societies have chosen to assume technology's associated risks (known and unknown) in exchange for some realized benefit. Perhaps the best illustration of this cost--benefit gamble, as well as one of the single greatest technological hazards, is the automobile accident ([@bib73]). On average, 1.2 million people worldwide die each year in traffic accidents, yet society has collectively decided to accept that risk for the benefit of rapid transit.

Between 1980 and 2006, the number of reported technological disasters skyrocketed, increasing at a rate that completely outpaced the increase in natural disasters over the same time period. The number of people who died as a result of these technological disasters also rose during this period. In the intervening years between 2006 and today these numbers have dropped, but to levels that are still several times larger than what was seen in the early 1980s. [Figure 2.33](#f0170){ref-type="fig"}, [Figure 2.34](#f0175){ref-type="fig"} illustrate these trends.Figure 2.33Total number of reported technological disasters between 1900 and 2012Source: International Disaster Database.Figure 2.34Total number of people killed in technological disasters between 1900 and 2012Source: International Disaster Database.

The following section explores many of the known technological hazards that often strike with catastrophic consequences and that most disaster managers are likely to face as technology progresses.

### Transportation Hazards {#s0070}

Transportation hazards have become such a common part of global society that it seems only the truly tragic events merit international news coverage. Transportation is a technology on which the entire world now depends for travel, commerce, and industry. The vast system of land, sea, and air transportation involves complex and expensive infrastructure, humans or machines to conduct that infrastructure, and laws and policies by which the whole system is guided. A flaw or breakdown in any one of these components can and often does result in a major disaster involving loss of life, injuries, property and environmental damage, and economic consequences.

*Transportation infrastructure disasters* do not involve the vehicles but the systems upon which those vehicles depend. Vast engineering feats are often required to join the world's cities, to cross mountains and waterways, and to shorten the distances from point A to point B. As with all engineering projects, a certain risk is imposed by the very nature of the forces the projects must overcome, including gravity, tension, mass, resistance, and velocity. Bridges, tunnels, raised highways, mountain roads, overpasses, airport terminals, and other infrastructure components are all subject to the realization of that risk: failure.

A component of infrastructure can fail for many reasons. The most common causes are poor design, poor maintenance, or the introduction of unforeseen or unexpected outside forces (e.g., seismicity or hurricanes), which can cause the impacted structures to collapse or sustain significant damage, often harming or killing those inside or nearby. As the event usually renders these infrastructure components useless, transportation of all individuals and businesses dependent upon the overall system is instantly hindered or eliminated. It thus is not a surprise that transportation infrastructure disasters often result in economic collapse for towns and cities. The failure of even the simplest footbridges, tens of thousands of which have been constructed throughout the developing world, can have devastating effects by cutting off villagers from their fields or jobs. In many developing countries, where critical transportation routes must traverse very rugged, hazard-prone terrain, a significant amount of government money may be required to repair and maintain those routes. However, even in the industrialized countries, deterioration and aging of the infrastructure can lead to a buildup of components that together represent a monumental cost in terms of repair and update, and as such, accidents occur before allocations are made. In the United States alone, of a total 605,000 bridges nationwide, there are more than 64,000 bridges considered either structurally deficient or functionally obsolete ([@bib49]). The I-35 Mississippi Bridge collapse that occurred in the US state of Minnesota on August 1, 2007, resulted in the deaths of 13 people and the injury of 145 more. This is an example of the consequences of infrastructure aging and deterioration. This accident also had severe financial implications, given that an average of 140,000 commuters and travelers used the bridge daily. [Figure 2.35](#f0180){ref-type="fig"} illustrates the damages that resulted.Figure 2.35Collapse of the I-35 Mississippi Bridge in Minneapolis, Minnesota, August 4, 2007Photo courtesy of Kevin Rofidal, US Coast Guard.

*Airline accidents* are relatively rare, but are often both spectacular and catastrophic due to the high number of people involved and the very low number of survivors. [AirSafe.com](http://AirSafe.com){#interref1}, an airline safety advocacy website, examined 342 fatal accidents involving both jet and propeller-driven aircraft between 1978 and 1995. They found that mortality rates exceed 90 percent in six out of every ten accidents ([@bib1]). When airline accidents occur in cities, in addition to fatalities and injuries sustained by people on the ground, structure fires and collapses often occur, requiring difficult response efforts. This problem is especially troubling in cities undergoing massive growth, whose airports, constructed in once-empty fields, are now completely surrounded by urban sprawl. Mariscal Sucre International Airport in Quito, Ecuador, where fatal crashes into residential areas have occurred, is such an example. To address the high rate of fatal accidents and the inability to expand in response to growing air traffic, a new airport was constructed outside the city center in 2012, and the urban airport ceased operations in February of 2013.

When airlines crash into large bodies of water, recovery of remains can be difficult or even impossible, given the amount of area that must be searched and the depth of water where the aircraft comes to rest. On June 1, 2009, Air France Flight 447 crashed into the Atlantic Ocean, and despite the fact that radar imagery let search parties know about where to look, it took more than two years to recover flight recorders to learn what had happened. The bodies of 78 of the 228 passengers on board were never recovered. An even more spectacular event is the disappearance of Malaysia Airlines Flight 370, which simply disappeared from radar on March 8, 2014. Despite an exhaustive search over multiple bodies of water, the craft was never found and may never be, given that emergency beacons transmit for only a few weeks after a crash.

*Rail accidents* can occur for both passenger and freight trains, with each posing unique problems for disaster managers. Accidents occur primarily because of contact between two trains, contact between a train and a foreign object (car, animal, debris), onboard fire, or faulty or misaligned tracks (due to external forces, human error, sabotage, or poor maintenance).

Rail accidents involving passenger trains are often mass casualty incidents. (See [exhibit 2.15](#b0085){ref-type="boxed-text"} .) Because of their sheer weight, it is difficult for trains to suddenly slow down, and accidents are often unavoidable. The increased production and implementation of high-speed train systems are increasing passenger risk. On April 25, 2005, a high-speed train in Japan derailed due to operator error, slammed into a building, killed 107 people, and injured more than 450.Exhibit 2.15Select Rail Accidents with More Than 100 Fatalities, 1950--2013•May 28, 2010: India (derailment caused by terrorism or sabotage)---148 killed•Oct. 29, 2005: India (derailment caused by flood)---114 killed•July 13, 2005: Pakistan (three trains collide)---more than 100 killed•April 25, 2005: Japan (high-speed train derails)---107 killed•Dec. 26, 2004: Sri Lanka (train struck by tsunami)---about 2,000 killed•April 22, 2004: North Korea (two trains collide)---about 161 killed•Feb. 18, 2004: Iran (HAZMAT train derails)---more than 200 killed•Sept. 10, 2002: India (train derails on a bridge)---120 killed•Feb. 20, 2002: Egypt (fire)---more than 360 killed•Aug. 2, 1999: India (two trains collide)---more than 285 killed•Aug. 20, 1995: India (two trains collide)---358 killed•Sept. 22, 1994: Angola (mechanical failure causes derailment)---300 killed•June 8, 1991: Pakistan (two trains collide)---more than 100 killed•Jan. 4, 1990: Pakistan (two trains collide)---more than 210 killed•June 3, 1989: Soviet Union (fire)---575 killed•June 6, 1981: India (bridge collapse)---more than 800 killed•Oct. 6, 1972: Mexico (passenger train derails)---208 killed•Feb. 1, 1970: Argentina (two trains collide)---236 killed•Nov. 9, 1963: Japan (three trains collide)---161 killed•May 3, 1962: Japan (three trains collide)---160 killed•Sept. 29, 1957: Pakistan (two trains collide)---250 killed•April 3, 1955: Mexico (train derails)---300 killedBased on: [@bib6], [@bib3], [@bib69].

Trains are used extensively to transport cargo, much of which is classified as hazardous. Accidents involving train cars with flammable or poisonous gases or liquids have caused several major disasters and are a significant hazard for any urban area they pass. These accidents can involve explosions, fires, the release of deadly gases, and severe environmental degradation. Evacuations may be necessary to protect the surrounding population, and rescue efforts are difficult to impossible without proper equipment and training. On July 6, 2013, a parked and unattended freight train carrying 72 containers of crude oil rolled free from its position and crashed into the town center of Lac-Mégantic, Canada. The explosion and subsequent fire killed 47 people and destroyed more than half the town's center ([@bib19]).

*Maritime accidents*, like rail accidents, may involve either passenger vessels or freight vessels, each posing a specific set of risk factors. The range of causes of maritime accidents includes weather-related accidents, mechanical failure, human error, overloading (passengers or freight), poor maintenance, fire, collision (other vessels, stationary objects, war, floating or submerged objects or land), piracy, sabotage, and terrorism. Large passenger vessels that encounter serious trouble pose a significant challenge to disaster managers in that rescue requires numerous marine search-and-rescue resources deployed within a very short amount of time. Ships can sink quickly, and in cold waters survivors have only minutes before hypothermia proves fatal. A recent maritime accident, the sinking of the South Korean passenger ferry Sewol, had a particularly profound impact on a single community. The ship went down with 325 students from the same high school in Ansan, South Korea, and only 75 students were rescued ([@bib65]). [Exhibit 2.16](#b0090){ref-type="boxed-text"} lists selected maritime disasters with more than 500 fatalities over the past 150 years.Exhibit 2.16Select Maritime Disasters with More Than 500 Fatalities, 1865--2013•1865: *Sultana* (explosion)---1,700 killed•1873: *Atlantic* (sank)---546 killed•1904: *General Slocum* (fire)---1,021 killed•1904: *SS Norge* (sank)---620 killed•1912: *Titanic* (sank)---1,503 killed•1914: *Empress of Ireland* (sank)---1,012 killed•1915: *Lusitania* (sank)---1,198 killed•1915: *Eastland* (sank)---845 killed•1940: *Lancastria* (sank)---up to 5,000 killed•1944: *Tango Maru* (sank)---about 3,000 killed•1944: *Ryusei Maru* (sank)---4,998 killed•1944: *Toyama Maru* (sank) -- about 5,600 killed•1944: *Koshu Maru* (sank)---about 1,540 killed•1944: *Junyo Maru* (sank)---about 5,620 killed•1944: *Rigel* (bombed)---2,571 killed•1945: *Wilhelm Gustloff* (sank)---about 9,000--10,000 killed•1945: *Steuben* (sank)---about 4,000--4,500 killed•1945: *Goya* (sank)---more than 7,000 killed•1945: *Cap Arcona* (sank)---about 8,000 killed•1945: *Thielbek* (sank)---2,750 killed•1955: *Novorossiysk* (sank)---608 killed•1987: *Doña Paz* (sank)---about 4,000 killed•1994: *M/S Estonia* (sank)---852 killed•2002: *Joola* (sank)---950 killed•2003: *Nazreen-1* (sank)---530 killed•2006: *Al Salaam Boccaccio* 98 (sank)---846 killed•2006: *MV Senopati Nusantara* (sank)---more than 500 killed•2008: *Princess of the Stars* (sank)---690Based on: [@bib29]; [@bib116].

*Roadway accidents* are the most common type of transportation accident. (See [figure 2.36](#f0185){ref-type="fig"} .) Although the number of injuries and deaths in individual events are normally much lower than for other forms of accidents, the collective number is much greater: more than 1.24 million deaths per year with another 50 million injuries ([@bib113]). Mass casualty accidents involving passenger transportation lines, such as intercity buses, are common, especially in developing countries where enforcement of safety standards is sparse, driver training and regulations lax, and rescue resources slim to nonexistent. Hazardous materials accidents involving tanker trucks or other forms of transportation are also common, and almost always pose a hazard risk to life, property, and the environment. [Exhibit 2.17](#b0095){ref-type="boxed-text"} lists several devastating roadway accidents that have occurred throughout the world. Figure 2.36Bus involved in fatal accident, California, 2001Photo courtesy of NTSB, 2001.Exhibit 2.17Select Roadway Accidents Exceeding 75 Killed, 1945--2013•1945: Thailand---Explosion of a dynamite truck; more than 150 killed•1956: Colombia---Seven ammunition trucks exploded; more than 1,200 killed•1965: Togo---Collision of two trucks; more than 125 killed•1973: Egypt---Bus plunged into an irrigation canal; 127 killed•1978: Spain---Gasoline tanker exploded; more than 120 killed•1982: Afghanistan---Gasoline tanker explodes in a tunnel; more than 2,000 killed•1992: Kenya---Bus crashed into a bridge; 106 killed•1995: South Korea---One hundred cars fell into a hole created by an explosion; 110 killed•2000: Nigeria---Gasoline tanker struck cars and exploded; more than 150 killed•2003: South Africa---Bus drove into a reservoir; 80 killed•2004: Iran---Bus collided with a fuel tanker; 90 killed•2006: Benin---Overturned tanker exploded as people collect leaking gas; about 75 killed•2007: Nigeria---Fuel tanker truck exploded after catching on fire; 98 killed•2007: India---Bus crashed into a gorge; more than 75 killed•2010: Congo---Fuel tanker overturned and exploded; 220 killed•2012: Nigeria---Fuel tanker overturned and exploded; at least 121 killedBased on: [@bib59].

### Infrastructure Hazards {#s0075}

Infrastructure hazards are another type of technological hazard, and are primarily related to critical systems of utilities, services, and other assets (both state-run and private) that serve the public. The consequences of infrastructure hazards may include loss of vital services, injury, death, property damage, or a combination of these. As technological innovation, global communication, and global commerce increase, nations are becoming much more dependent upon their critical infrastructure. The primary types of infrastructure hazards are listed in the following sections.

*Power failures* can be caused by a breakdown in the power generation and/or distribution grid, or by an accident or preceding disaster that somehow damages the grid. Increased dependence on electronic equipment for communications, management, commerce, and other vital systems has increased public and private entities' vulnerability to the consequences of this hazard. Extended power outages can quickly turn into public health emergencies when life safety systems begin to fail. Without power, citizens can find themselves unable to travel, purchase necessary supplies, heat or cool their homes, communicate, or work. Companies have discovered that power outages lasting as short as one hour can result in millions of dollars in losses and, if extended across a whole region's industry, can result in major economic damage. In 2003, a power outage struck 50 million people in Canada and the United States, resulting in more than \$6 billion in economic costs to those two countries and affecting businesses, water supplies, transportation systems, communications systems, food supplies, and much more. [Figure 2.37](#f0190){ref-type="fig"} illustrates the geographic range affected by this single event. Experts predict that disasters like this will only increase in number and severity over time. Figure 2.37Geographic area affected by the 2003 blackout in Canada and the United StatesSource: [@bib103].

*Telecommunications systems failures*, which include telephone (land line and mobile), radio, satellite, and Internet, have economic and social impacts. Most businesses and governments depend on reliable communications to function. When communications systems fail, citizens are unable to contact emergency resources and businesses are unable to sell their products or provide their services.

*Computer network failures* are becoming as costly as power and telecommunications failures. Most of the world's businesses and banks are wholly reliant on the Internet, and public facilities and service providers (such as utilities, communications, public health facilities, traffic systems, and other government-related offices) are heading in that same direction. The interconnectedness of the global Internet has created the risk that a collapse of a portion of that network anywhere in the world could result in total collapse of the entire system. This risk is increasing in all countries of the world, rich and poor. [Exhibit 2.18](#b0100){ref-type="boxed-text"} describes the consequences of a 2005 Internet outage in Pakistan.Exhibit 2.18Internet Link in Pakistan Restored after More Than 11 Days' BreakdownISLAMABAD: Pakistan's Internet users were back on line Friday after more than a week of disruptions caused by a faulty undersea communications cable that connects the country with the rest of the world, an official said. "The repair work has been completed and Internet supply has been restored," said Mashkoor Hussain, a senior official with Pakistan Telecommunications Co. Ltd. \[PTCL\], which operates the cable.The cable stopped working on June 27, halting an estimated 10 million Internet connections. Days later, a fault in the cable in the Arabian Sea was located about 15 kilometers (nine miles) southwest of Karachi, Pakistan's main seaport. Pakistan is normally connected to the Internet by a single undersea fiber link, called Southeast Asia, Middle East and Western Europe-3 (SEA-ME-WE-3). It was the second time in three months that Pakistan's Internet services came to a halt, with a similar cable glitch suspending service in April. PTCL officials have said a new cable would be laid by October this year to avoid similar Internet outages in the future.Banks, brokerages, Internet service providers, and call centers were badly hit by the disruption. Telecom officials say they are now working on erecting a back-up link to avoid similar breakdowns in the future. The optic fiber cable is Pakistan's only telecommunications link with the outside world. Pakistan sought assistance from the 92-member consortium that operates the cable, since the country does not have the technology to deal with such problems on its own. But repairs were hampered by bad weather in the Arabian Sea delaying ships from reaching the problem area for several days.While the immediate problem has been dealt with, Pakistan's budding IT industry is now pressing the government to give more thought to its communication infrastructure. The government is under fire from industry professionals on two counts:First, they are asking the government why a back-up system was not in place. So far, the 39,000-kilometer cable---which links Pakistan to South East Asia, the Middle East and Western Europe---is the country's sole link to the outside world. At the time it was commissioned some four years ago, Pakistan rejected the proposal of linking up with India or Iran as a backup, citing security issues. Telecom officials at the time argued in favor of a satellite link as an alternative. After the breakdown the authorities acquired a back-up satellite system. But it turned out to be insufficient for the country's needs, providing only about half the bandwidth required.Second, IT professionals accuse the government of not taking Pakistan's growing commercial dependence on the Internet seriously. The Pakistan Call Centers Association says it may have lost deals amounting to \$10 million with their counterparts in India because of the breakdown. There are no estimates of how much money the smaller businesses may have lost due to the disruption, the association says. But independent analysts say that the Pakistan economy's dependence on the Internet has not yet reached a point where such a disruption could lead to serious financial losses.Telecom officials say that the government has finally shed its security concerns and has agreed on a back-up cable link through India. The back-up is expected to be in place by October this year by the latest, they say. The submarine cable fault has been rectified and all communication services have been fully restored.Pak Telecom ChiefAddressing a press conference here Friday, President/CEO of Pakistan Telecommunication Company Limited (PTCL) Junaid I. Khan said the organization is committed to support the telecom industry and did its best to meet the situation effectively. The PTCL president said the incident was the first during the last five years of operation of the cable in the leg of the 600-kilometer SEA-ME-WE-3 Pakistan segment. Although such incidents occurred in the past in other sections of the SEA-ME-WE-3, the impact was not felt because of availability of diversity in related sections, he added.Junaid said as regards the duration of the cable fault developed on June 27 at 20:56 hours, past history of the rectification period shows that incident localization period is the minimum amongst all occurred in the past and added in the best cases such faults are repaired in minimum 13 days and in the worst case it has taken 110 days in China. Answering a question, he said two special-built ships were involved for the localization and rectification of fault and added the major challenge faced by E-marine cable ships and their crew was weather, considering the monsoon in the region.Alternate ConnectivityReplying to another question, he said PTCL has already invested Rs. 2.4 billion in arranging alternate connectivity through SEA-ME-WE-4 cable, which will be available by October or November this year. Additionally, terrestrial link with India by replacing the existing analogue system through optical fiber system is also under implementation, he said, and added discussions with Etisalat, UAE are also being held for up-gradation of the existing coaxial bilateral link to optical fiber system. He assured after the completion of these projects, the problem like interruption of communication will not take place in future.Source: [@bib39].

*Critical water or sewer system failures* can and do occur quite often, primarily as a result of natural hazards. Humans depend on a steady supply of useable water for basic survival, industry, and agriculture, and an interruption of as little as one day can result in a disaster. Many mechanisms can lead to failure of water resources, ultimately resulting in drinking water contamination, cessation of service, or environmental destruction. If reservoirs that populations depend on become contaminated and it is not quickly discovered, the contaminated water can quickly enter the public supply and cause a widespread public health disaster. Following heavy rains or flooding or during times of drought, water and sewer systems can become overloaded or damaged and fail altogether, adversely affecting both the served population and the surrounding environment.

*Major gas distribution line (main) breaks* are becoming more of a risk as intra- and intercity systems are established. These systems of pipes, which contain highly pressurized and flammable gas, are vulnerable to a range of natural and man-made influences that could ultimately result in their failure. Breach of a gas line can result in fire, environmental pollution (often requiring evacuation of the area), injury, and death. Special expertise is required to respond to a break in a gas distribution line, and significant populations can be affected. The 1906 earthquake that struck San Francisco is an example of the risk posed by gas lines. In this event, ruptured gas lines started fires that quickly spread throughout the city during a time when response resources were strained. (See [figure 2.38](#f0195){ref-type="fig"} .) The resulting fires greatly contributed to 700 deaths---the greatest single death toll of all earthquakes to strike the United States. Sabotage or vandalism of oil and gas distribution occurs in very poor countries where groups or individuals attempt to steal flowing gas by intentionally breaching the pipes. One such event that occurred along the Abule Egba pipeline in Lagos, Nigeria, on December 26, 2006, resulted in the deaths of hundreds (though exact numbers are not known; [@bib12]). This is but one of many similar events in Nigeria, as shown in [exhibit 2.19](#b0105){ref-type="boxed-text"} . Figure 2.38Fires rage in San Francisco after an earthquake severs several gas lines.Photo courtesy of USGS,1906.Exhibit 2.19Select Nigeria Pipeline DisastersDateNumber killed (Approximate)May 2008100December 200740May 2006150December 200420September 200460June 2003105July 2000300March 200050October 19981,000Based on: [@bib12], [@bib107].

*Dam failure* is a hazard that exists in almost every country of the world and poses serious danger to all people and property located downstream. Any structure constructed for the purpose of storing, withholding, or diverting water can be classified as a dam. They can be constructed using any number of materials, ranging from resilient concrete to soft earth. The exact number of dams that exist throughout the world is unknown but is estimated to be approximately 845,000 ([@bib52]). The vast majority of these are privately constructed, owned, and maintained. The United States alone has over 80,000 dams, of which about 6,500 are classified as being "large" (over 15 meters in height). Thousands of these are classified as having the potential to cause loss of life and property in the event of their failure. China has the greatest number of large dams, numbering approximately 22,000. [Figure 2.39](#f0200){ref-type="fig"} and [exhibit 2.20](#b0110){ref-type="boxed-text"} illustrate the global distribution of large dams.Figure 2.39Share of world dams by countrySource: [@bib115].Exhibit 2.20Number of Large Dams per CountryAfricaSouth Africa539Zimbabwe213Algeria107Morocco92Tunisia72Nigeria45Côte d'Ivoire22Angola15D.R. Congo14Kenya14Namibia13Libya12Madagascar10Cameroon9Mauritius9Burkina Faso8Ethiopia8Mozambique8Lesotho7Egypt6Swaziland6Ghana5Sudan4Zambia4Botswana3Malawi3Benin2Congo2Guinea2Mali2Senegal2Seychelles2Sierra Leone2Tanzania2Togo2Gabon1Liberia1Uganda1**Total1,269Western Europe**Spain1,196France569Italy524United Kingdom517Norway335Germany311Sweden190Switzerland156Austria149Portugal103Finland55Cyprus52Greece46Iceland20Ireland16Belgium15Denmark10Netherlands10Luxembourg3**Total4,277South America**Brazil594Argentina101Chile88Venezuela74Colombia49Peru43Ecuador11Bolivia6Uruguay6Paraguay4Guyana2Suriname1**Total979Eastern Europe**Albania306Romania246Bulgaria180Czech Rep.118Poland69Yugoslavia69Slovakia50Slovenia30Croatia29Bosnia Herzegovina25Ukraine21Lithuania20Macedonia18Hungary15Latvia5Moldova2**Total1,203North and Central America**United States6,575Canada793Mexico537Cuba49Dominican Republic11Costa Rica9Honduras9Panama6El Salvador5Guatemala4Nicaragua4Trinidad & Tobago4Jamaica2Antigua1Haiti1**Total8,010Asia**China22,000India4,291Japan2,675South Korea765Turkey625Thailand204Indonesia96Russia91Pakistan71North Korea70Iran66Malaysia59Taipei, China51Sri Lanka46Syria41Saudi Arabia38Azerbaijan17Armenia16Philippines15Georgia14Uzbekistan14Iraq13Kazakhstan12Kyrgyzstan11Tajikistan7Jordan5Lebanon5Myanmar5Nepal3Vietnam3Singapore3Afghanistan2Brunei2Cambodia2Bangladesh1Laos1**Total31,340Australasia**Australia486New Zealand86PNG3Fiji2**Total577**[^3]Source: [@bib115].

The most common cause of dam failure is flooding caused by excess amounts of precipitation, but other possible causes include:•Prolonged periods of rainfall and flooding•Inadequate spillway capacity, resulting in excess overtopping flows•Internal erosion caused by embankment or foundation leaking or piping•Improper maintenance, including failure to remove trees, repair internal seepage problems, replace lost material from the cross-section of the dam and abutments, or maintain gates, valves, and other operational components•Improper design, including the use of improper construction materials and construction practices•Negligent operation, including failure to remove or open gates or valves during high-flow periods•Failure of upstream dams on the same waterway•Landslides into reservoirs, which cause surges that result in overtopping•High winds, which can cause significant wave action and result in substantial erosion•Sabotage or terrorism•Earthquakes, which typically cause longitudinal cracks in the tops of embankments that weaken entire structures

The worst disaster caused by dam failure occurred in China in 1975. During one chain-reaction event triggered by a typhoon, 62 interrelated dams failed, the largest of which was the Banquio Dam. These failures resulted in the immediate drowning of 26,000 people and another 100,000--150,000 deaths due to disease and exposure. Almost 6 million buildings were destroyed. Major dam disasters have also occurred in Italy (1961; 3,000 killed), India (1979; 25,000 killed), Ukraine (1961; 2,000 killed), the United States (1928; 400 killed; 1889; 2,200 killed), Indonesia (2009; 96 killed), and England (1864; 270 killed). The total number of people killed by dams in the twentieth century, excluding China, was approximately 13,500 ([@bib51], [@bib7]).

*Food shortage*, defined as the situation that exists when available food supplies do not meet the energy and nutrient requirements of the affected population, can have disastrous consequences. When systems of food production, transportation, and reserve cannot accommodate the local population's needs, a *famine* becomes possible. Malnutrition, starvation, panic, and civil disobedience are often the consequences. Food shortages can be caused by food production crises; social, cultural, political, or economic factors; and environmental hazards. The Food and Agriculture Organization of the United Nations (FAO) reports that 842 million people, or one out of every eight individuals, currently suffer from the effects of food shortages ([@bib41]).

Famines are rarely caused by a single factor, but rather by a complex interaction of several ongoing and sudden onset issues. (See [exhibit 2.21](#b0115){ref-type="boxed-text"} .) The following list highlights four major food shortage factors:1.*Food production crises.* Caused by changes in climate (temperature, humidity, and rainfall), soil content, biological competition, attack (insects, pathogens, rodents, competing plants), or poor farming practices.2.*Social/cultural.* Caused by regional food production policy, crop choice (e.g., cotton versus corn), labor cost and availability, and dietary preference.3.*Political/economic.* Caused by a lack of incentive to farm, exporting too much of the crop, government-imposed price caps (which deter production), taxation and duty policies, availability of food aid, war, and genocide.4.*Environmental.* Caused by drought, flood, storms, extreme temperatures, the El Niño phenomenon, and many more. Exhibit 2.21Examples of Historical Famines1845--1849: Irish potato famine---potato disease and government policy; 1 million died1847: Czech Republic---potato disease; 20,000 died1932--1933: Ukraine---bad harvests and government policies; 3--6 million died1943: Bengal---rice disease and government policies; 3 million died1944: Dutch famine---extreme cold and war; 30,000 died1945: Vietnam---war; as many as 2 million died1984--1985: Ethiopia---drought and war; 1 million died1988: Sudan---war and drought; 250,000 died1998: Sudan---war; 100,000 died

Conflict often results in food shortages. One warring faction may control food aid, and withhold such aid as an offensive strategy. This occurred in Ethiopia in the 1980s and in Sudan in 1997. In 2014, there were allegations that the Syrian Assad regime used starvation as a weapon against as many as 9.3 million people, some just a few miles away from Damascus where food supplies were plentiful ([@bib2]). For this reason, famine is often a factor in complex humanitarian emergencies, described in greater detail in the section entitled "Intentional, Civil, and Political Hazards."

For additional information on food shortages currently affecting the various regions of the world, visit the World Food Programme Interactive Hunger Map at <http://www.wfp.org/hunger/downloadmap>. A map of hunger rates in 2013, developed by the World Food Programme, is provided in [figure 2.40](#f0205){ref-type="fig"} .Figure 2.40World Hunger Map 2013Source: World Food Programme, 2013.

*Overburdened public health facilities* can be either a cause or a consequence of disaster. Most public health facilities throughout the world are designed to accommodate non-crisis patient caseloads. However, following disasters or during epidemics, the physicians, support staff, facilities, and inventories upon which these systems depend quickly become strained or overloaded, and a breakdown in service may take place. The public health infrastructure can also break down due to labor issues (strikes), personnel impacts (see [exhibit 2.22](#b0120){ref-type="boxed-text"} ), supply line breaks, loss of facilities, and increased demand without increased capacity, as well as other reasons. Many of these factors are related to poverty and development.Exhibit 2.22US Department of State Advisory on the Risk that Health Services Could Be Overwhelmed in a PandemicHealth care services likely will be overburdened if confronted by a pandemic. Hospitals and clinics could be overwhelmed by thousands of seriously ill patients, and health care workers might be in short supply because of their own illnesses. Communities and health care providers must plan in advance for maintaining a workable health care system during a crisis that could last several months. Planning should include the delivery of triage care, self-care, and telephone consultations.Health Care Concerns"Health care planning for a potential pandemic should involve all levels of government, including specialists in policy development, legislative review and drafting, human and animal health, patient care, laboratory diagnosis and testing, disaster management, and communications. Health professionals must learn how to communicate risk effectively and be able to provide the facts to a frightened population. Experts at the World Health Organization (WHO) and in academia say that communities must prepare for:•Medical shortages of equipment and supplies such as ventilators, respirators, syringes, anti-bacterial soap, anti-virals, vaccines, clean water, and waste management.•Death management challenges: refrigerated trucks dedicated to transporting bodies, and crematory and funeral service facilities that may be in short supply.•Disruptions in routine health care services and the likely need for alternative sites, such as gymnasiums, nursing homes, daycare facilities, and tents, to provide health care. Plans should also address who could be used as alternates in some \[medical\] positions.According to WHO, community health care managers should make plans now to determine:•Where patients will be treated;•What will be the admission criteria for existing and newly created health care facilities;•How specimens will be collected and transported to laboratories;•Who will get priority if there are limited quantities of protective masks and gloves; and•How large a supply of chlorine for water purification is sufficient if shipments are delayed or suspended. Many cities keep only enough chlorine on hand to last five days to seven days."Source: [@bib101].

*Economic failure*, which is caused by a collapse or serious downturn in the ability of a country, region, or community to sustain economic solvency, results in a wide spectrum of disastrous consequences that include but are not limited to•Currency devaluation•High unemployment•Loss of basic government and private services•Inflation•Fuel shortages•Civil unrest•Hunger and famine•Crime•Political upheaval and instability•Rising international debt•Loss of foreign investment•Deterioration of critical infrastructure

### Industrial Hazards {#s0080}

Hazardous materials and conditions are a fact of life in the industrialized world. Our ability to extract, create, produce, and provide much of the goods and services we depend on has introduced a whole new range of hazards that is expanding at an ever-increasing rate. This section details many of the hazards that exist as a result of industry and industrial processes.

*Hazardous materials processing and storage accidents* are common, affecting almost any private or public facility that works with these kinds of materials. Many of our industrial processes depend upon one or more hazardous materials (solids, liquids, or gases) that, when removed from their controlled setting, can cause injury and death to humans and animals and can devastate the environment. Although safety standards, procedures, and other measures are often in place, all of these are dependent upon compliance, effective enforcement, and sound environmental protection measures. Therefore, any locality where fabrication, processing, storage, transport (including by pipeline), or disposal of hazardous materials occurs is at risk from these hazardous materials (HAZMAT) incidents. (See [table 2.7](#t0040){ref-type="table"} .)Table 2.7List of Select Industrial Accidents during the Past 30 YearsYearLocationIndustryDescription1984Mexico CityNatural gas storageExplosion at a liquefied natural gas storage plant within the city limits killed more than 450 people.1984BrazilPipelineOil pipeline near Cubatao exploded, killing 508.1984IndiaToxic chemicalsExplosion at Union Carbide pesticide plant in Bhopal released cloud of methyl isocyanate, killing at least 2,000 and injuring hundreds of thousands.1985United StatesFireworks factoryFire at the Aerlex Corporation Fireworks plant in Oklahoma killed 21 workers.1986UkraineNuclearChernobyl nuclear power station in the Ukraine was struck by a chemical explosion at the station's fourth reactor and an uncontrolled graphite fire that led to the release of about 3.5 percent of the fuel stored in the reactor core. Official reports put the immediate death toll at 31, but it is widely believed that many more died in the first hours and weeks after the explosion. The Ukrainian government has estimated 7,000--8,000 deaths among clean-up workers alone.1988North SeaOil platformPlatform explosion killed 168 people.1989USSRGas pipelinePipeline explosion between Ula and Asha killed more than 650 people.1989United StatesOil tankerExxon Valdez spilled 11 million gallons of crude oil off the coast of Alaska.1991MalaysiaFireworks factory21 killed in fires and explosions.1991United StatesPoultry plantFire at chicken processing plant in North Carolina killed 25 people.1993ThailandToy factoryFire killed 188 and injured over 400.1993Hong KongFireworks factory27 workers killed in a factory fire.1998NigeriaOil pipelinePipeline at Jesse Nigeria exploded, killing more than 500 people and severely burning hundreds more. Up to 2,000 people had been lining up with buckets and bottles to scoop up oil. The fire spread and engulfed the nearby villages of Moosqar and Oghara, killing farmers and villagers sleeping in their homes.1999MexicoFireworks factoryExplosion in Celeya factory killed 56 people.2000HollandFireworks factoryExplosion killed 22 and left thousands homeless.2001FranceFertilizer factoryExplosion at Azote de France (AZF) agricultural chemicals factory near Toulouse killed 31 and injured at least 650.2004ScotlandPlastic factoryICL Plastic's Stockline Plastics plant in Glasgow exploded, killing nine and injuring more than 40.2007United StatesPower plantTesting at a combined oil- and gas-fired electric plant that had yet to open killed five and injured 27.2007ChinaSteel plantA ladle holding molten steel broke free, killing 32 and injuring six.2008TurkeyFireworks factoryExplosion killed 22 people and injured 100 more.2009RussiaPower generation accidentPower generation turbine self-destructed, killing 75 people and causing widespread power failures.2010United StatesOil well blowoutBP's Deepwater Horizon exploded while capping an undersea well, resulting in the release of more than 400 million gallons of crude oil, killing 11 and injuring 17.2011JapanNuclearFukushima Daiichi Nuclear Power Plant suffered a meltdown of three of its six reactors after being impacted by a tsunami triggered by the Great East Japan Earthquake; a 20-km (12-mile) zone around the plant was severely contaminated, displacing more than 100,000 people.2011CyprusWeapons disposal facilityThirteen people, including the base commander, were killed.2013United StatesFertilizer plantExplosion at a fertilizer storage site killed 14, many of them responders who were extinguishing a fire; more than 160 were injured and more than 150 buildings were damaged.2013CanadaRail accidentA runaway train carrying crude oil derailed and exploded, killing 47 people and destroying more than half of the town center.Source: [@bib38].

The vast majority of hazardous materials events occur because of accidents during transportation on highways and railroads. Those events that do occur at industrial sites ("fixed sites") are caused by a range of factors, including natural disasters, fire, human error, infrastructure deterioration or failure, accidents, sabotage, and terrorism. When the hazardous materials used are flammable or explosive, or when explosive conditions are created as result of certain storage, transportation, or processing methods, the risk of an explosion or fire exists. This risk extends to military installations, where it is very common for munitions and other hazardous or explosive materials to be stored. Nuclear storage, disposal, and electrical generation facilities, as well as many other industries and laboratories that use nuclear and radiological materials, pose a special industrial hazard. Accidents at these types of facilities can have catastrophic consequences that persist for decades or even longer.

In a free and open society, the presence of these hazards is often well mapped and well communicated to the at-risk public. However, there are many societies in which such openness does not exist. In these cases, people will often unknowingly place themselves at even greater risk by moving closer to the source of risk and doing nothing to protect themselves from a possible incident.

A notorious case of an industrial release accident without effective public disclosure took place in 1984 at Bhopal, India. After the release of methyl isocyanate from a Union Carbide plant, as many as 4,000 people in nearby communities died within days, and as many as half a million were injured. Twenty years later, much of the affected population still shows signs of illness caused by this accident. Prior to this catastrophic event, Union Carbide had taken out newspaper announcements warning people living near the plant of the risks of industrial release accidents. However, the company failed to reach their intended audience for various social and cultural reasons. (See chapter 5 for more information about risk communication.)

The tsunami triggered by the March 11, 2011, Great East Japan Earthquake caused one of the worst nuclear accidents of all time, and the worst industrial accident in the country's history. The tsunami impacted the ability of the Fukushima Daiichi nuclear reactor's cooling system, thus setting off a chain of events that culminated in the meltdown of half of the plant's six reactor cores. A total of 160,000 people were evacuated from the surrounding areas for an extended period lasting several years, but despite the significant release, the rates of exposure were kept very low. Three years after the disaster some residents were allowed to return home, but those who lived in closest proximity to the plant may never be able to go back ([@bib62], [@bib61]).

*Raw materials extraction accidents (including mining accidents)*, which are caused by fires, explosions, poisoning, flooding, and structural collapse, continue to be a hazard. Because of the underground, confined nature of many mines, associated accidents often result in mass casualty and require very difficult technical rescue. Collapse of overlying land can also occur, resulting in severe property damage. Raw material extraction accidents can also result in tremendous environmental damage, as occurred during the summer of 2010 when an explosion on a deepwater oil drilling rig leased by British Petroleum (BP) resulted in the release of as many as or even more than 400 million gallons of crude oil into international waterways (in addition to the deaths of 11 rig workers).

Mining kills more workers than any other industry, in both large and small accidents ([@bib64]). More than 80 percent of the world's mine fatalities occur in China, where mining activity is extensive. In 2004 alone, more than 6,000 miners died in China ([@bib34]), although unofficial statistics placed the annual average closer to 20,000 that year ([@bib11]). Since that time, mining safety measures enacted by the government of China have reduced this annual death toll significantly, with only 1,049 miners reported killed in 2013 ([@bib8]). Mining accidents often receive significant media coverage, and subsequent public attention, due to the extraordinary nature of the rescue efforts that must take place to spare the lives of any accident survivors. A mine accident that occurred at the Quecreek Mine in Pennsylvania on July 24, 2002, trapped nine miners behind 50 to 60 million gallons of water. Their rescue was accomplished by a highly complex recovery operation in which a relief tunnel was made by boring through 250 feet of rock, allowing all nine to escape alive only four days later ([@bib9931]). In 2010, thirty-three Chilean miners became trapped 2,200 feet below the surface when the mine where they were working suffered a collapse. The ongoing rescue effort involved the drilling of a relief shaft wide enough to extract the miners---a task that required 69 days to perform. Food, water, oxygen, electricity, and communications equipment were supplied through tiny bore holes ([@bib30]). In May of 2014, after an explosion at a mine in Suma, Turkey, killed almost 300 miners, anger against what was considered government neglect of mine safety spurred violent protests ([@bib16]).

The [MSHA.gov](http://MSHA.gov){#interref2} website, maintained by the United States Department of Labor ([www.msha.gov/fatals/fab.htm](http://www.msha.gov/fatals/fab.htm){#interref222}), tracks individual mine accident fatalities in the United States.

### Structural Fires and Failures {#s0085}

Structure fires and failures pose a significant risk that is universal among all countries of the world, rich or poor. The number of casualties from structure fires is greater than from many other hazards combined. This is mainly because almost everyone is dependent upon a built structure for their home, and probably for employment, education, government services, and commerce as well. Exposure to this risk, therefore, is extreme. This is an interesting risk, however, in that it is so common that most local agencies are prepared to manage fire or structural failure events, so the events rarely transform into disasters. When large structures burn or collapse, however, the chance of a disaster occurring is great, no matter what country is involved. (See [exhibit 2.23](#b0125){ref-type="boxed-text"} .) Exhibit 2.23Historical Structure Fires with 100 or More Fatalities1822---Grue Church fire kills more than 110; Norway1845---Canton Theater fire kills 1,670; China1857---Tokyo earthquake fires kill more than 100,000; Japan1863---Church of La Compaña fire kills more than 2,000: Chile1876---Brooklyn Theater fire kills 295; USA1881---Ring Theater fire kills 850; Austria1887---Paris Opera fire kills 200; France1903---Iroquois Theater fire kills 602; USA1908---Rhodes Opera House fire kills 170; USA1908---Lakeview Grammar School fire kills 175; USA1909---Flores Theater fire kills 250; Mexico1911---Triangle Shirtwaist Factory fire kills more than 100; USA1918---Happy Valley Racecourse fire kills more than 600; Hong Kong1919---Mayaguez Theater fire kills 150; Puerto Rico1923---Tokyo Earthquake fires kill more than 100,000; Japan1929---Cleveland Clinic fire kills 125; USA1930---Ohio State Penitentiary fire kills 320; USA1934---Great Hakodate fire (multiple structures) kills 2,166; Japan1940---Rhythm Club fire kills 207; USA1942---Cocoanut Grove nightclub fire kills 492; USA1943---Hoteiza Theater fire kills 205; Japan1944---Ringling Bros. and Barnum & Bailey Circus tent fire kills 168; USA1946---Winecoff Hotel fire kills 119; USA1947---Joelma office fire kills 179; Brazil1948---Warehouse fire kills 176; Hong Kong1949---Chiang-king fire (multiple structures) kills more than 7,000; China1955---Eldercare facility fire kills 100; Japan1960---Neuropsychiatric hospital fire kills 170; Guatemala1961---Gran Circus Americano fire kills 323; Brazil1967---L'Innovation store fire kills 325; Belgium1970---Dance hall fire kills 145; France1971---Taeyokale Hotel fire kills 163; South Korea1971---Club Cinq-Sept fire kills 143; France1977---Beverly Hills Supper Club fire kills 165; USA1978---Cinema Rex theater fire kills 422; Iran1980---Eventide Home for the Aged fire kills 157; Jamaica1993---Kader Toy Factory fire kills 188; Thailand2001---Mesa Redonda Fire kills 291; Peru2003---The Station nightclub fire kills 100; USA2004---San Pedro Sula Prison fire kills 103; Honduras2004---Ycuá Bolaños Supermarket fire kills 370; Paraguay2004---Repùblica Cromagnon Nightclub fire kills 194; Argentina2005--- Higuey Prison fire kills 133; Dominican Republic2009--- Perm Nightclub fire kills 153; Russia2012---Prison fire kills 361; Honduras2012---Garment factory fire kills 312; Pakistan2012---Tazreen Fashion Factory fire kills 124; Bangladesh2012---Dhaka Tasreens Fashions fire kills 112; Bangladesh2013---Kiss Nightclub fire kills 233; Brazil2013---Poultry plant fire kills 119; China**Based on:**[@bib71]; [@bib70].

Many natural and man-made factors influence the risk posed by this class of hazard, including design, geographic location, climate, seismicity, construction materials, maintenance, and safety standards employed. When buildings burn or collapse, they pose great risk not only to the inhabitants but also to the first responders.

One of the most deadly structural failures in history is that of the Rana Plaza, an eight-story building in Bangladesh that housed several garment factories. (See [figure 2.41](#f0210){ref-type="fig"} .) On April 24, 2013, the building collapsed. Cracks had been seen in the building's structure the day before, and the building was evacuated. However, the building's owner appeared on television and assured the public that the building was safe. Many workers had no choice but to return the next day, as managers had threatened to dock pay for those who did not. There were more than 3,100 people in the building when it fell, of which 1,129 were killed. There is much discussion about the social roots of this disaster in terms of both the ability of governments to assure the safety of infrastructure (including factories), and with regard to the rights of workers who knew of the risks but felt they had no other choice but to enter the building ([@bib55]).Figure 2.41The Rana Plaza (Bangladesh) housed several garment factories when it collapsed on April 24, 2013, killing more than 1,100 people.Photo courtesy of Jaber Al Nahian, 2013.

Other notable structure fires and failures include:•Dubai Airport terminal collapse (September 27, 2004): Five were killed and 17 injured when part of the terminal under construction failed.•Jerusalem wedding hall collapse (May 24, 2001): A four-story building collapsed while full of people attending a wedding party; 23 were killed and hundreds injured.•Sampoong Department Store (June 29, 1995): The ceiling on a five-year-old department store in South Korea collapsed from the weight of a rooftop water tank and poor quality concrete used in construction; 500 were killed and thousands were injured.•Hyatt Regency walkway collapse (July 17, 1981): Two thousand people were standing on a hotel atrium walkway in Missouri when the structure collapsed onto people below; 114 people were killed and more than 200 were injured.

### Intentional, Civil, and Political Hazards {#s0090}

Intentional, civil, and political hazards include those hazards that exist not because of an accident or an "act of God," but as a result of the conscious decision of humans to act in an antisocial or anti-establishment manner. Assigning these hazards to this category does not imply that they are wrong or right, just that they are caused with intent. Like the technological hazards, many of these hazards are new and emerging, such as modern biological, chemical, and radiological weapons. Others, like war, have existed almost as long as humans have.

*Terrorism* is the most salient hazard due to a remarkable upsurge in terrorist acts during the past decade. (See [table 2.8](#t0045){ref-type="table"} .) The United Nations members have thus far been unable to agree on a definition of terrorism because of differences in interpreting the actions of states or those involved in resistance movements. However, the most general usage of the term considers terrorism to be *the unlawful use or threatened use of force or violence against people or property to coerce or intimidate governments or societies, often to achieve political, religious, or ideological objectives*. It is important to note that terrorism does not have to involve an actual attack, as the mere threat of terrorism or a terrorism hoax can elicit many physiological and financial consequences of an actual event.Table 2.8Top 10 Countries Ranked by Terrorism Risk, 2013RankCountry1Somalia2Democratic Republic of Congo3Sudan4Afghanistan5South Sudan6Central African Republic7Myanmar8Pakistan9Cote d'Ivoire10SyriaSource: [@bib58]; [@bib9932]. <http://maplecroft.com/about/news/gra_2013.html>

The Council on Foreign Relations has identified several different sources of terrorism, grouped into six major categories:1.*Nationalist terrorism.* Groups seeking to separate from the government that they are targeting with terrorist acts in the hopes of forming an independent state of their own. The terrorist acts are performed to draw international attention and sympathy to their cause. Their acts typically seek a low level of violence in order to avoid appearing barbaric, but enough to garner media attention. Examples include the Irish Republican Army (IRA) and the Palestinian Liberation Organization (PLO).2.*Religious terrorism.* Groups using terrorism as a means to carry out what they envision as a holy mission. This type of terrorism is especially dangerous because it is not constrained by national boundaries and often operates outside of normal civil systems. Examples include al Qaeda, Hamas, and Hezbollah.3.*State-sponsored terrorism.* Groups, often working covertly, act as mercenaries. Their actions serve to inflict harm to enemy nations or to instigate conflict. Because of their government backing, these groups may be provided with steady and substantial funding. Examples of states that have been found to have sponsored terrorism include Iran, Libya, and Sudan.4.*Left-wing terrorism.* Groups that seek to end capitalism in favor of communist/socialist regimes. These groups tend to avoid civilian casualties, favoring the destruction of capitalist symbols. Examples include the Red Brigade and the Japanese Red Army.5.*Right-wing terrorism.* Groups that attempt to establish a fascist state by intimidating or removing liberal, democratic elements from government and society. They tend to have weak organizational structures and rarely garner support outside of their core group. They are most often racist. Examples include neo-Nazis, Skinheads, and the Aryan Nation.6.*Anarchist terrorism.* Groups that attack any organized government structure, seeking a total destabilization of the global political framework. Though these groups have been only a minor threat since their decline in the early twentieth century, anti-globalization movements have brought about a resurgence in the anarchist movement ([@bib33]).

A seventh source, not included above, that is having an increased impact throughout the world is single-interest terrorism. These groups attempt to bring attention to a specific issue they believe needs to be addressed, which is often but not exclusively nonpolitical or nonreligious. Examples include environmental, animal rights, agrarian rights, and anti-abortion groups.

The means by which terrorists achieve their often disastrous ends are diverse. Although kidnappings, assassinations, shootings, robberies, and other tactics are regularly employed, the most feared incidents involve weapons of mass destruction (WMDs). WMDs are weapons designed specifically for causing mass casualty harm to humans as well as significant property damage.

WMDs can be subdivided into four principal categories: chemical, biological, radiological/nuclear, and explosive (CBRNE). While research is ongoing and new practices continue to be discovered, the worldwide emergency management community is largely unprepared and undertrained for dealing with WMDs. Knowledge of the properties and destructive qualities of the various chemical and biological threats is limited at best. The first-responder community, local emergency management organizations, and the general public remain almost completely uninformed about these hazards and have little or no experience in facing their consequences. The same is largely true with community and national leaders and the news media. The CBRNE weapons are described in the following sections.

*Conventional explosives* have existed for centuries, since explosive gunpowder invented by the Chinese for use in firecrackers was modified for use in weaponry. Both traditional and improvised explosive devices (IEDs) are the easiest weapons to obtain and use. Instructions for their assembly and use are widely available in print and on the Internet, as well as through the institutional knowledge of informal criminal networks. When skillfully used, they can inflict massive amounts of destruction to property and can cause significant injuries and fatalities to humans. Conventional explosives are most troubling when used as a WMD in light of their ability to effectively disperse chemical, biological, or radiological agents.

Conventional explosives and IEDs can be either explosive or incendiary. Explosives inflict damage or harm by the physical destruction caused by the expansion of gases resulting from the ignition of "high-" or "low-filler" explosive materials. The range of explosive devices includes simple pipe bombs made from common plumbing materials; satchel charges, which are encased in an ordinary-looking bag such as a backpack and left behind for later detonation; letter or package bombs, delivered through the mail; bombs made from pressure cookers, as were used in the 2013 Boston Marathon attacks; and car bombs, which can be used to deliver a large amount of explosives. Incendiary devices, also referred to as firebombs, rely on the ignition of fire to cause damage or harm. Examples include Molotov cocktails (gas-filled bottles capped with a burning rag) and napalm bombs.

Explosives and accelerants can be delivered by a missile or projectile device, such as a rocket, rocket-propelled grenade (RPG), mortar, or air-dropped bomb. Nontraditional explosive delivery methods are regularly discovered, including the use of fuel-filled commercial airliners flown into buildings, as occurred on September 11, 2001. Because these weapons rely on such low technology and are relatively easy to transport and deliver, they are the most commonly utilized terrorist devices. Although suicide bombings, in which the bomber manually delivers and detonates the device on or near his or her person, are becoming more common, most devices are detonated through the use of timed transmission, remote transmission (radio, cell phone), or other methods (light sensitivity, air pressure, movement, electrical impulse, etc.).

More than 70 percent of terrorist attacks involve the use of conventional explosives, but fewer than 5 percent of actual and attempted bombings are preceded by any kind of threat or warning. Conventional explosives can be difficult to detect because most easily attainable explosive materials are untraceable. Many commercial- and military-grade explosives are now required to contain a chemical signature that can be used to both trace their source should they be used for criminal means and make them detectable to trained dogs, but these account for only a fraction of the explosive materials available to terrorists. Because of the graphic nature of the carnage resulting from explosives and the widespread fear historically associated with their use, these weapons are very effective as a terror-spreading device.

Like explosives, *chemical agents* have existed for centuries and have been used repeatedly throughout history. The most significant and first modern, organized use of chemical weapons was during World War I in Belgium. During an attack against Allied forces, German troops released 160 tons of chlorine gas into the air, killing more than 10,000 soldiers and injuring another 15,000. In total, 113,000 tons of chemical weapons were used in World War I, killing more than 90,000 and injuring 1.3 million.

Chemical weapons are created for the sole purpose of killing, injuring, or incapacitating people. They can enter the body through inhalation or ingestion, or through the skin or eyes. Many different kinds of chemicals have been developed as weapons; they fall under six general categories that are distinguished according their physiological effect.1.Nerve agents (sarin, VX)2.Blister agents (mustard gas, lewisite)3.Blood agents (hydrogen cyanide)4.Choking/pulmonary agents (phosgene)5.Irritants (tear gas, capsicum \[pepper\] spray)6.Incapacitating agents (BZ, Agent 15)

Terrorists can deliver chemical weapons via several mechanisms. Aerosol devices spread chemicals in liquid, solid (generally powdered), or gas form by causing tiny particulates to be suspended into the air. Explosives can be used to spread the chemicals through the air as well. Containers that hold chemicals, either for warfare or for everyday use (such as a truck or train tanker), can be breached, exposing the chemical to the air. Chemicals can be mixed with water or placed into food supplies. Some chemicals are easily absorbed through the skin and can be placed directly onto a victim to cause harm or death.

In general, chemical attacks are recognized immediately, although whether the attack is chemical or biological may be unclear until further testing. Chemical weapons can be persistent, remaining in the affected area long after the attack, or nonpersistent. Nonpersistent chemicals tend to evaporate quickly, are lighter than air, and lose their ability to harm or kill after about 10 or 15 minutes in open areas. In unventilated rooms, any chemical can linger for a considerable time.

The effect on victims is usually fast and severe. Identifying what chemical has been used presents special difficulties, and responding officials (police, fire, emergency medical services, hazardous materials teams) and hospital staff treating the injured are at risk from the chemical's effects. Without proper training and equipment, first-response officials can do little in the immediate aftermath of a chemical terrorist attack ([@bib43]).

A list of chemical agents compiled by the United States Centers for Disease Control (CDC) is presented in [exhibit 2.24](#b0130){ref-type="boxed-text"} .Exhibit 2.24Chemical Agents Capable of Terrorist UsesAbrinAdamsite (DM)Agent 15AmmoniaArsenicArsine (SA)BenzeneBromobenzylcyanide (CA)BZCannabinoidsChlorine (CL)Chloroacetophenone (CN)Chlorobenzylidenemalononitrile (CS)Chloropicrin (PS)CyanideCyanogen chloride (CK)Cyclohexyl sarin (GF)Dibenzoxazepine (CR)Diphenylchloroarsine (DA)Diphenylcyanoarsine (DC)Diphosgene (DP)Distilled mustard (HD)Ethyldichloroarsine (ED)Ethylene glycolFentanyls and other opioidsHydrofluoric acidHydrogen chlorideHydrogen cyanide (AC)Lewisite (L, L-1, L-2, L-3)LSDMercuryMethyldichloroarsine (MD)Mustard gas (H) (sulfur mustard)Mustard/lewisite (HL)Mustard/TNitrogen mustard (HN-1, HN-2, HN-3)Nitrogen oxide (NO)ParaquatPerfluoroisobutylene (PHIB)Phenyldichloroarsine (PD)PhenothiazinesPhosgene (CG)Phosgene oxime (CX)PhosphinePotassium cyanide (KCN)Red phosphorous (RP)RicinSarin (GB)Sesqui mustardSodium azideSodium cyanide (NaCN)Soman (GD)StibineStrychnineSulfur mustard (H) (mustard gas)Sulfur trioxide-chlorosulfonic acid (FS)Super warfarinTabun (GA)Teflon and perfluoroisobutylene (PHIB)ThalliumTitanium tetrachloride (FM)VXWhite phosphorusZinc oxide (HC)Source: [@bib22].

*Biological agents*, or germ weapons, are live organisms, either bacteria, viruses, or toxins generated by living organisms. They are used to cause illness, injury, or death in humans, livestock, or plants. Awareness of the potential weapon use of bacteria, viruses, and toxins existed long before 2001, when anthrax was used in terrorist mail attacks in the United States. There is evidence of biological warfare as early as the fourteenth century, when the Mongols used plague-infected corpses to spread disease among their enemies. Because of advances in weapons technology that have allowed much more successful use of bioweapons over much wider geographic limits, biological weapons elicit great concern from counterterrorism officials and emergency planners alike.

Bioweapons can be dispersed either overtly or covertly. Their use can be extremely difficult to recognize because their negative consequences may take hours, days, or even weeks to emerge. This is especially true with bacteria and viruses; toxins generally elicit an immediate response. Recognition is made through a range of methods, including identification of a credible threat; the discovery of weapons materials (dispersion devices, raw biological material, or weapons laboratories); and correct diagnosis of affected humans, animals, or plants. Detection depends on a collaborative public health monitoring system, trained and aware physicians, patients seeking medical care, and suitable equipment for confirming diagnoses. Bioweapons are unique in that detection is likely to be made not by a first responder but by members of the public health community.

Their devastating potential is confounded by the fact that people normally have no idea that they have been exposed. During the incubation period, when people do not exhibit symptoms but are contagious to others, the disease can spread. Incubation periods can be as short as several hours or as long as several weeks, allowing for wide geographic spreading due to the efficiency of modern travel. The spread of the SARS virus (which was not a bioterrorist attack) throughout all continents of the world is one example of an event when people did not realize they had been exposed to the virus and therefore unknowingly infected others.

Biological weapons are effective at disrupting economic and industrial components of society when they target animals or plants. Terrorists could potentially spread a biological agent over a large geographic area without being detected, causing significant destruction of crops. If the agent spread easily, as is often the case with natural diseases like Dutch elm disease, an entire industry could be devastated. Cattle diseases such as foot and mouth disease and mad cow disease, which occur naturally, could be used for sinister purposes without extensive planning, resources, or technical knowledge. In 1918, the German army spread anthrax and other diseases through exported livestock and animal feed. With globalization, such actions would require relatively little effort.

The primary defense against the use of biological weapons is recognition, which is achieved through proper training of first responders and public health officials. Early detection, before the disease or illness has spread to critical limits, is key to preventing a major public health emergency.

Biological agents are grouped into three categories: A, B, and C. Category A agents are those that have great potential for causing a public health catastrophe and are capable of being disseminated over a large geographic area. Examples of Category A agents are anthrax, smallpox, plague, botulism, tularemia, and viral hemorrhagic fevers. Category B agents are those that have low mortality rates but may be disseminated over a large geographic area with relative ease. Category B agents include salmonella, ricin, Q fever, typhus, and glanders. Category C agents are common pathogens that have the potential to be engineered for terrorism or weapon purposes. Examples of Category C agents are hantavirus and tuberculosis ([@bib20]).

Some indicators of biological attack are•Stated threat to release a biological agent•Unusual occurrence of dead or dying animals•Unusual casualties•Unusual illness for region/area•Definite pattern inconsistent with natural disease•Unusual liquid, spray, vapor, or powder•Spraying, suspicious devices, packages, or letters ([@bib44])

A list of biological agents compiled by the CDC is presented in [exhibit 2.25](#b0135){ref-type="boxed-text"} .Exhibit 2.25Biological Agents Capable of Terrorist UsesAnthrax (*Bacillus anthracis*)Botulism (*Clostridium botulinum* toxin)Brucellosis (*Brucella* species)Cholera (*Vibrio cholerae*)*E. coli* O157:H7 (*Escherichia coli*)Emerging infectious diseases such as Nipah virus and hantavirusEpsilon toxin (*Clostridium perfringens*)Glanders (*Burkholderia mallei*)Melioidosis (*Burkholderia pseudomallei*)Plague (*Yersinia pestis*)Psittacosis (*Chlamydia psittaci*)Q fever (*Coxiella burnetii*)Ricin toxin from *Ricinus communis* (castor beans)Salmonellosis (*Salmonella* species)Smallpox (*Variola major*)Staphylococcal enterotoxin BTularemia (*Francisella tularensis*)Typhoid fever (*Salmonella typhi*)Typhus fever (*Rickettsia prowazekii*)Viral encephalitis (alphaviruses; e.g., Venezuelan equine encephalitis, eastern equine encephalitis, western equine encephalitis)Viral hemorrhagic fevers (filoviruses, e.g., Ebola, Marburg; and arenaviruses, e.g., Lassa, Machupo)Water safety threats (e.g., *Vibrio cholerae*, shigellosis (*Shigella*), *Cryptosporidium parvum*)Source: [@bib23].

*Nuclear* and *radiological weapons* are those that involve the movement of energy through space and material. There are three primary mechanisms by which terrorists can use radiation to carry out an attack: detonation of a nuclear bomb, dispersal of radiological material, and attack on a facility housing nuclear material (power plant, research laboratory, storage site, etc.).

Nuclear weapons are the most devastating attack form. They are also the most difficult to develop or acquire, so they are considered the lowest threat in terms of terrorist potential. A nuclear weapon causes damage to property and harm to life through two separate processes. First, a blast is created by the bomb's detonation. An incredibly large amount of energy is released in the explosion, the result of an uncontrolled chain reaction of atomic splitting. The initial shock wave, which destroys all built structures within a range of up to several miles, is followed by a heat wave reaching tens of millions of degrees close to the point of detonation. High winds accompany the shock and heat waves. The second process by which nuclear weapons inflict damage is through harmful radiation. This radiation and radiological material is most dangerous close to the detonation area, where high concentrations can cause rapid death, but particles reaching high into the atmosphere can pose a threat several hundred miles away under the right meteorological conditions. Radiation can persist for years after the explosion occurs.

Radiological dispersion devices (RDDs) are simple explosive devices that spread harmful radioactive material upon detonation, without the involvement of a nuclear explosion. These devices are often called "dirty bombs." Some RDDs do not require explosives for dispersal. Although illnesses and fatalities are likely very close to the point of dispersal, these devices are more apt to be used to spread terror. As with many biological and chemical weapons, initially detecting that a radiological attack has occurred may be difficult. Special detection equipment and training in its use are prerequisites.

A third scenario involving nuclear/radiological material entails an attack on a nuclear facility. There are many facilities around the world where nuclear material is stored, including nuclear power plants, hazardous materials storage sites, medical facilities, military installations, and industrial facilities. An attack on any of these could release radiological material into the atmosphere, posing a threat to life and certainly causing fear among those who live nearby.

If a radiological or a nuclear attack were to occur, humans and animals would experience both internal and external consequences. External exposure results from any contact with radioactive material outside the body, while internal exposure requires ingestion, inhalation, or injection of radiological materials. Radiation sickness results from high doses of radiation and can result in death if the dose is high enough. Other effects of radiation exposure can include redness or burning of the skin and eyes, nausea, damage to the body's immune system, and a higher lifetime risk of developing cancer ([@bib44]).

Terrorists can use *combined hazards* to achieve a synergistic effect. By using two or more methods, they can increase the efficacy of each agent in terms of its potential to destroy, harm, or kill, creating a more devastating total consequence than if each agent had been used individually. A dirty bomb, in which radiological material is added to a conventional explosive, is one example. The explosive causes physical damage from the expansion of gases, while the radiological material causes severe health effects. The combination causes both physical damage and harmful radiation, and it disperses the radiological material over a much larger area. Additionally, the debris from the conventional explosive becomes dangerous beyond the original explosion because of radiological contamination.

Explosives can be used to deliver chemical or biological weapons. This presents a dangerous scenario. Trauma resulting from the explosion will demand immediate attention from responders, who may enter a contaminated attack scene without first recognizing or taking the time to check if a biological or a chemical agent is present. Victims who are rushed to hospitals can cause secondary infections or injuries to emergency medical services personnel and hospital staff. Additionally, contaminated debris can help to spread certain viruses that may not otherwise have entered the body as easily.

When multiple chemicals, biological agents, or a combination are used in an attack, the consequences can confound even those considered experts. The combination of symptoms resulting from multiple injuries or infections make diagnosis extremely difficult, as these diagnoses often depend on a defined set of effects that might not be apparent. The multiple agents cause physiological effects that do not fit any established human, animal, or plant models. The extra time required to identify the agents undoubtedly causes an overall increase in the efficacy of the terrorist attack.

Terrorists have other options besides WMDs for which governments, businesses, and individuals must be prepared.

*Cyberterrorism* is described by the Center for Strategic and International Studies (CSIS) as "the use of computer network tools to shut down critical national infrastructures (such as energy, transportation, government operations) or to coerce or intimidate a government or civilian population" ([@bib57]). Retired US Federal Bureau of Investigation (FBI) Agent William Tafoya defines it to be "the intimidation of civilian enterprise through the use of high technology to bring about political, religious, or ideological aims, actions that result in disabling or deleting critical infrastructure data or information" ([@bib94]).

*Narcoterrorism* also deserves mention. Narcoterrorists are terrorist groups that fund their activities through the global drug trade (including cultivation, production, transport, distribution, and sales). The marriage between terrorist groups and the drug trade is a dangerous one, because each presents a special set of problems that are exacerbated when combined. They protect each other's interests, as their dependence is mutual. The most notorious narcotraffickers are the Revolutionary Armed Forces of Colombia (FARC), although many other terrorist groups participate in the practice to varying degrees (including the Shining Path, the Tamil Tigers, and the Taliban).

*Civil unrest*, including *protests*, *strikes*, and *rioting*, while a daily and often non-newsworthy occurrence throughout the world, often leads to major property damage, economic damage, injuries, and death. Political and economic instability are very often either the cause or the consequence of this hazard, although apolitical and non-economically motivated civil unrest does occur. Governments often take severe police or military measures to quell civil unrest and, in the process of doing so, can both sustain and inflict casualties. Crowds of demonstrators are as often to blame for instigating violence as they are victims of it, although it can be the actions of a select few seeking to incite a reaction that sets off a violent encounter. [Exhibit 2.26](#b0140){ref-type="boxed-text"} provides several examples from the past century of civil unrest that has turned deadly.Exhibit 2.26Deadly Incidents of Civil Unrest1907: German Southwest Africa (Namibia) massacres---40,000 killed1919: US race riots---an unknown number of people (in the hundreds) killed1947: Taiwan 228 massacre---as many as 30,000 killed1959: Tibetan uprising---approximately 87,000 killed1964: Peruvian soccer game riots---300 killed1965--1968: US race riots---195 killed1968: Mexico City, Mexico, Tlatelolco massacre---as many as 400 killed1980: Gwangju, South Korea, protests---at least 207 killed1989: Tiananmen Square protests, China---approximately 1,000 killed, 7,000 injured1990: Hyderabad, India, riots---more than 150 killed2002: Gujarat, India, ethnic violence---more than 1,000 killed2010: Nigeria, religious tensions---992 killed2010: Kyrgyzstan, riots---more than 2,000 killed2011: Nigeria, post-election riots---more than 500 killed2011: Yemen, riots---more than 100 killed2011: Karachi, Pakistan, riots---114 killed2012: Manama, Bahrian, riots---more than 100 killed2014: Kiev, Ukraine, protests and riots---more than 100 killed

*Stampedes*, which are uncontrolled, often panicked movements of people, are unpredictable and deadly. They occur at sports venues, festivals, religious events, and other situations where people congregate together within an area or facility that cannot accommodate a hurried exit, entrance, or other hurried movements. Most victims in stampedes die because of suffocation or crushing. The force of the crowd behind them places so much pressure on their chests that breathing is impossible. The passing crowd often tramples those who fall. [Exhibit 2.27](#b0145){ref-type="boxed-text"} lists major stampedes (exceeding 100 fatalities) that occurred throughout the world during the past 110 years.Exhibit 2.27Deadly Stampedes Exceeding 100 Fatalities between 1900 and 20141943: London, England, a rush into a subway station to escape an air raid---173 killed1956: Nilgata, Japan, New Year Procession---124 killed1982: Moscow soccer game stampede---340 killed1990: Mecca, Saudi Arabia, panic at the annual Hajj---1,426 killed1994: Mecca, Saudi Arabia, panic at the annual Hajj---270 killed1998: Mecca, Saudi Arabia, panic at the annual Hajj---119 killed2001: Ghana soccer game stampede---120 killed2004: Mecca, Saudi Arabia, Hajj stampede---244 killed2005: Wai, India, religious procession stampede---265 killed2005: Baghdad, Iraq, religious procession stampede---1,000 killed2006: Mecca, Saudi Arabia, Hajj stampede---345 killed2008: Himachal Pradesh, India, panic caused by rain shelter collapse---162 killed2008: Jodhpur, India, religious procession stampede---147 killed2010: Phnom Penh, Cambodia, water festival stampede---347 killed2011: Kerala, India, religious procession stampede---102 killed2013: Madhya Pradesh, India, religious festival stampede---115 killed

*Crime*, which affects hundreds of millions of people each year on a small, individual scale, results in disaster when criminals target or affect significant populations or property. Examples of criminal disasters are mass murders, arson, poisoning, illegal dumping, poaching, sabotage, and hostage taking. Many believe, for instance, that the Bhopal chemical disaster, described previously, was the result of one individual sabotaging the Union Carbide plant after having been transferred to a less desirable job. Deranged individuals can massacre for irrational reasons, like the two students who terrorized a high school in Colorado in 1999, killing 12 classmates and teachers. In 1990, a man in New York City who was angry at his girlfriend set fire to a nightclub, killing 87 people. [Exhibit 2.28](#b0150){ref-type="boxed-text"} lists several disastrous criminal events. The crime associated with an escalation in drug gang activity in Mexico since Mexican President Calderon began a counternarcotic operation in 2009 has led to destabilization of many areas of the country and thousands of deaths of civilians, police, and rival drug gang members. In total, it is estimated that more than 100,000 people were killed between December 2006 and January 2014 ([@bib90]). Exhibit 2.28Select Disastrous Criminal Events1938: Kaio, Japan---Matsuo Toi kills 30 and injures three1950: Nainital, India---Michael Zhu kills 22 people1954: Belgian Congo---William Unek kills 21 people1957: Tanganyika---William Unek kills 36 people1966: Tasmania, Australia---Martin Bryant kills 35 people and injures 371982: Uiryeong, South Korea---Bum-Kon Woo kills 56 and injures more than 341986: Bogotá, Colombia---Delgado Morales and Campo Elias kill 29 people and injure 121987: Berkshire, UK---Michael Robert Ryan kills 17 people and injures 151987: Banjarsari, Indonesia---Wirjo kills 20 and injures 121991: Texas, USA---George Pierre Hennard kills 23 and injures 221994: Beijing, China---Mingjian Tian kills 23 and injures more than 301994: Kampala, Uganda---Richard Komakech kills 26 and injures 131995: Zhaodong, China---Feng Wenhai and Jiang Liming kill 32 and injure 161996: Dunblane, Scotland---Thomas Hamilton kills 17 people1996: Tasmania, Australia---Martin John Bryant kills 35 and injures 232001: Osaka, Japan---Mamoru Takuma kills eight and injures 182002: Thuringia, Germany---Robert Steinhauser kills 162004: Honduras---A criminal gang kills 282007: United States---Seung-Hui Cho kills 32 and injures 252009: Philippines---One hundred armed men kidnap and kill a political candidate and 56 supporters2010: Jamaica---Drug lord Michael Christopher Coke and supporters resist arrest, leading to the deaths of 76 people (including police officers and civilians)2011: Norway---Anders Behring Breivik kills 77 people

*War* is perhaps the greatest of all man-made hazards, having resulted in hundreds of millions of deaths throughout history. As weapons technology has progressed, war's deadly consequences have increased, with the nuclear bomb retaining the distinction of being the deadliest weapon ever employed. War devastates populations, economies, and cultures, leaving a lasting mark on all parties involved for generations. The outcome of war is almost always significant in terms of deaths, injuries, damage and destruction of infrastructure, and homelessness, and often involves acts of genocide or other racial or ethnic violence. In almost all wars, the civilian population suffers the greatest consequences.

During and immediately following major conflicts, civilian populations in the war-affected countries are likely to be displaced from their homes and communities, and are subject to many of the threatening conditions associated with general humanitarian crises: shortages of adequate food, water, shelter, healthcare, and other basic services. However, they may also be threatened by violence or further conflict, qualifying their situation as something completely distinct from a regular humanitarian emergency. This special category of disaster that results from ongoing war or violence is the *complex emergency*, or as it is commonly known, the *complex humanitarian emergency* (CHE; see chapter 1). The United Nations defines a complex emergency as follows:"A complex emergency is a humanitarian crisis in a country, region or society where there is a dramatic disruption in the political, economic and social situation, resulting from internal or external conflict or natural disaster, seriously disrupting the population's capacity to survive and the national authorities' capacity to respond, and which requires a consolidated multi-sectoral international response. ([@bib114])"

In the twentieth century alone, almost 170 million people died in the midst of CHEs ([@bib91]). These disasters are especially fatal because of intentional attempts to alienate or eliminate certain populations. They create large numbers of refugees and internally displaced persons (IDPs), as defined in chapter 1, who are routinely grouped into camps for aid and/or protection. Under these conditions, their needs are absolute and their conditions generally abysmal.

Of all types of disaster responses, none is more difficult and involved than that directed at treating and ending a CHE. They truly require the full resources of the international response community. These efforts go above and beyond normal disaster responses because of the confounded variable of violence---a desperate lack of security because of the nature of the conflict that created the emergency in the first place. CHEs endanger not only the lives of the directly affected population but also those of the responders. Finally, a wide array of internal and external contextual influences push and pull in all directions, whatever response efforts are mounted, making stability and predictability an often unanswered wish. (See [exhibit 2.29](#b0155){ref-type="boxed-text"} for a list of common contextual influences.) Although every CHE is distinct, there are many common characteristics, including, but by no means limited to•substantial civilian casualties, displacement, and suffering•the need for substantial international assistance to complement local efforts•involvement of a substantial number and types of relief organizations•humanitarian assistance impeded, delayed, or prevented by politically or conflict-motivated constraints•significant security risks for relief workers in many areas•the need for external political support and mediation to overcome obstacles to assistance, such as difficult access to those in need ([@bib60])There is much debate about what types of sociopolitical conditions lead to a CHE, and whether early warning indicators can be developed. It has been recognized, for example, that despite the presence of conflicts throughout the world, CHEs result only within the poorer countries. However, poverty alone by no means indicates a predisposition for CHE formation. A combination of factors is required, including several of the following:•Income inequality•Worsening poverty•Military centrality (spending, power)•A tradition of conflict•Deteriorating political climate•Passage of repressive legislation•Hardening ideologies•Scarcities of food, or unequal distribution•Deteriorating public health conditions•Flight of the educated class out of the country•Increased internal military movements•Massive movements of people•Recurrent and devastating natural disasters•Long-standing ethnic, religious, or cultural tensions ([@bib9], [@bib60]) Exhibit 2.29Contextual Influences of CHEs•Host government/national leaders•Host nation culture•Roots of ethnic conflict•Recent events•Legal issues•Desired end state•Players--imperatives•Media and public affairs•Foreign interests•Public health•Donor states•Military-civil cooperation•NGOs•Security•Recovery•UN mandate•Stabilization•Ethnic politics•Multinational corporations•Alliances•The World BankSource: [@bib60].

Complex humanitarian emergencies combine internal conflicts with large-scale displacements of people: mass famine and fragile or failing economic, political, and social institutions. Some CHEs are exacerbated by the conditions resulting after natural disasters or by inadequate or nonexistent transportation networks. Historically, an equal number of CHEs have developed very quickly as have developed over a more prolonged period, leaving any mechanism for prediction only moderately effective.

CHEs are becoming much more common and, likewise, more widespread in their global range. Before the end of the Cold War, only a handful of CHEs existed at any given time, but today these events are occurring in much greater numbers, in many different parts of the world. For example, between 1978 and 1985, there were an average of only five CHEs each year, but by 1985 that number had jumped to 20 ([@bib26]) and has remained at that level ever since.

Probably the most significant factor that must be considered by any agency responding to a CHE is security. This includes security of relief workers as much as security of the affected population. Peacekeeping missions are often required to ensure the safety of IDPs and marginalized members of the population. Without the security offered by the peacekeepers, it is impossible for relief agencies to do their jobs, as the warring factions targeting the affected population will likely see relief agencies as hindering their cause and target them as well. Other times, relief workers merely get caught in the crossfire of battle. Either way, the results are tragic and occasionally result in aid workers retreating from the crisis. [Exhibit 2.30](#b0160){ref-type="boxed-text"} provides a list of select events where aid workers have been killed or injured during the response to CHEs. [Figure 2.42](#f0215){ref-type="fig"} illustrates the number of attacks on humanitarian aid workers from 2003 to 2013, and shows the impact of those attacks on the aid workers targeted. Exhibit 2.30Select Fatal Incidents Involving Relief Workers between 1991 and 20141991: Ethiopia---Twenty-nine relief workers killed in separate incidents over nine months1993--1994: Somalia---125 US and UN military personnel killed, 195 wounded1998: Sudan---Three UN staff killed and three wounded in an attack on their vehicle1999: Sudan---Four Red Cross workers kidnapped and executed2000: Somalia---Twenty killed during an attack on a convoy of aid workers2000: Iraq---Two Food and Agriculture Organization employees killed2000: Afghanistan---Seven UN mine clearance workers killed in an ambush2000: Indonesia---Three aid workers killed2001: Congo---Six Red Cross workers killed2003: Iraq---Twenty-four UN employees killed in UN headquarters bombing2003: Iraq---Twelve Red Cross workers killed in a bombing2004: Afghanistan---Five Doctors Without Borders workers killed2005: Afghanistan---Twenty-eight aid workers killed in 14 separate incidents2006: Sri Lanka---Seventeen Action Against Hunger workers executed2007: Lebanon---Two Red Cross workers shot in a Palestinian refugee camp2007: Algeria---Seventeen UN staff killed in suicide bombings in Algiers2008: West Bank/Gaza---Two UN staff killed in a shooting incident2010: Afghanistan---Ten aid workers with International Assistance Mission killed in an ambush in Afghanistan2010: Pakistan---Seven aid workers killed when militants stormed their office2011: Nigeria---Nine UN staff killed and 37 wounded when the UN house in Abuja was targeted by a suicide bomber2014: Syria---Three NGO staff were killed by mortar fire2014: South Sudan---Two UN staff were killed during an attack on a UN baseFigure 2.42Number of attacks on humanitarian aid workers and the associated number of people injured, killed, or kidnapped in those attacks from 2003 to 2013Source: The Aid Worker Security Database, 2014.

The Aid Worker Security Database, maintained by Humanitarian Outcomes, tracks attacks on humanitarian aid workers and provides a breakdown of the consequences of these events dating back to 1997. This website provides an analysis of incidents by country, incidents by type, trends in tactics, and more. The AWSD can be accessed at: <http://bit.ly/1iyDLa3>, <http://bit.ly/1m8lBUU>.

Civilians trying to flee war suffer much higher mortality and morbidity. Refugees who are able to escape to neighboring countries (see chapter 7) are usually placed into refugee camps in which conditions range from uncomfortable to squalid. While there, they are subject to outbreaks of communicable diseases, starvation, elevated stress, and violence. When the daily death rate reaches 1 per 10,000 people, refugee or IDP situations are classified as CHEs. This threshold is by no means absolute, and thus, depending on the circumstances, a situation may be called a CHE much earlier.

The Crude Mortality Rate (CMR) is a population indicator that measures the number of deaths per 10,000 people per day. This metric is used because it helps to standardize the effect of the emergency in terms of numbers dying per day over specific population blocks. This enables events of different sizes to be compared in terms of the effect sustained by the individual. (Absolute numbers are often irrelevant if the compared countries' populations greatly differ, such as 1,000 deaths in Jamaica versus China.) Under normal circumstances, CMR rates in the developing world range from about 0.4 to 0.7 deaths per 10,000 people each day. During CHEs, these numbers can range from the baseline of one per day to 35 per day (as with Rwandan refugees in Zaire in 1994), and even higher. Mortality in CHEs is a factor of vulnerability to specific causes of death. In general, situations in which violence is the greatest cause of death show high mortality rates among grown men, while situations in which disease and famine are the greatest threat predominantly affect women, children, and the elderly. (See [exhibit 2.31](#b0165){ref-type="boxed-text"} .)Exhibit 2.31Selected CHEs and Associated Mortality FiguresCambodia (1975--1998): more than 1 million killedSudan (1983--present): more than 2 million killedEthiopia (1984--1993): up to 2 million killedUganda (1987--present): 100,000 killedSomalia (1988--present): 500,000 killedBosnia-Herzegovina (1992--1996): 200,000 killedRwanda (1994--1997): up to 1 million killedColombia (late 1990s--present): 35,000 killedCongo (1998--2003): 3.8 million killedSierra Leone (2002): 20,000 killedSudan (2003--present): 400,000 killedSyrian Civil War (2011--present): 150,000 killed

Under the provisions of the UN Charter, the United Nations is allowed to intervene in the event of a CHE. The role it takes on, as either a peacekeeper or a peace enforcer, depends on the decisions of the UN Security Council and the rules outlined in its Charter. These security operations may be active or simply observatory. [Exhibit 2.32](#b0170){ref-type="boxed-text"} provides more insight into the difference between UN Chapters VI and VII Peace Operations. Exhibit 2.32UN Chapter VI and Chapter VII Peace OperationsThe UN Charter allows for two different kinds of security activities during CHEs: peacekeeping and peace enforcement.Peacekeeping, sometimes called *Chapter VI*, allows for the introduction of forces, which are noncombatant in nature, on location to monitor peace agreements. It is intended to maintain an established pause in conflict to allow UN and other peacemakers the time they need to negotiate a permanent dispute settlement or to assist in carrying out the terms of that negotiated settlement. There must be some degree of stability within the country or region in order for Chapter VI to be invoked. Chapter VI Peacekeeping is designed to support diplomatic endeavors to achieve or to maintain peace, and often involves the peacekeepers having to deal with and witness existing tension and violence without actually getting involved in any way as a participant. Peacekeeping forces require an invitation or, at the very least, full consent of all involved parties. Peacekeepers are required to remain impartial toward all of these parties. Chapter VI Peacekeeping forces may include unarmed observers, lightly armed units, police, and civilian technicians. Operations conducted by peacekeeping forces may include observing, recording, supervising, monitoring, occupying a buffer or neutral zone, and reporting on the implementation of the truce and any violations thereof. Typical peacekeeping missions include:•Observing and reporting any alleged violation of the peace agreement•Handling alleged cease-fire violations and/or alleged border incidents•Conducting regular liaison visits to units within their area of operation (AO)•Continuously checking forces within their AO and reporting any changes•Maintaining up-to-date information on the disposition of forces within their AO•Periodically visiting forward positions; reporting on the disposition of forces•Assisting civil authorities in supervision of elections, transfer of authority, partition of territory, and administration of civil functionsForce may only be used in self-defense. Peacekeepers are not permitted to prevent violations of a truce or cease-fire agreement by the active use of force, as their presence alone is intended to be sufficient to maintain the peace.Peace enforcement, on the other hand, or Chapter VII, allows for the use of "such action by air, sea, or land forces as may be necessary" to ensure compliance with UN resolutions and for the resumption of peace. Peace enforcement could include combat, armed intervention, or the physical threat of armed intervention. In contrast to peacekeeping, peace enforcement forces do not require consent of the parties to the conflict and they need not be neutral or impartial. Typical missions include:•Protection of humanitarian assistance•Restoration and maintenance of order and stability•Enforcement of sanctions•Guarantee or denial of movement•Establishment and supervision of protected zones•Forcible separation of belligerentsSource: [@bib99].

Conclusion {#s0095}
==========

There are many known hazards, whether natural, man-made, or intentional. It is likely that the list of man-made and intentional hazards will increase with technological innovation. Natural hazards are not likely to grow in number of categories, but their geographic range, strength of impacts, and number of events are all likely to increase as a result of the changing global climate. Most nations face only a select subset of the exhaustive list provided in this chapter, but constant re-evaluation is warranted in the face of increasing meteorological variability. Awareness of the hazards that affect a nation or region and a full understanding of the causes and consequences of that hazard "portfolio" are the first steps in the disaster reduction process known as disaster risk management.

[^1]: Based on observations since 1900.

[^2]: Based on observations since 1990.

[^3]: Note that the International Commission on Large Dams (ICOLD) offers an alternative listing of large dams based on slightly different classifications. The ICOLD large dam list can be found at <http://bit.ly/1fzlH50>.
